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Last painting by Gilbert Stuart (1828). 


Considered by the family of 
Bowditch to be the best of various paintings made, although it was unfinished 
when the artist died. 


NATHANIEL BOWDITCH 
_ (1773-1838) 


Nathaniel Bowditch was born on March 26, 1773, at Salem, Mass., fourth of the 
seven children of shipmaster Habakkuk Bowditch and his wife, Mary. 

Since the migration of William Bowditch from England to the Colonies in the 
17th century, the family had resided at Salem. Most of its sons, like those of other 
families in this New England seaport, had gone to sea, and many of them became 
shipmasters. Nathaniel Bowditch himself sailed as master on his last voyage, and 
two of his brothers met untimely deaths while pursuing careers at sea. 

It is reported that Nathaniel Bowditch’s father lost two ships at sea, and by late 
Revolutionary days he returned to the trade of cooper, which he had learned in his 
youth. This provided insufficient income to properly supply the needs of his growing 
family, and hunger and cold were often experienced. For many years the nearly destitute 
family received an annual grant of fifteen to twenty dollars from the Salem Marine 
Society. By the time Nathaniel had reached the age of ten, the family’s poverty neces- 
sitated his leaving school and joining his father in the cooper’s trade. 

Nathaniel was unsuccessful as a cooper, and when he was about 12 years of age, 
he entered the first of two ship-chandlery firms by which he was employed. It was 
during the nearly ten years he was so employed that his great mind first attracted public 
attention. From the time he began school Bowditch had an all-consuming interest in 
learning, particularly mathematics. By his middle teens he was recognized in Salem 
as an authority on that subject. Salem being primarily a shipping town, most of the 
inhabitants sooner or later found their way to the ship chandler, and news of the bril- 
liant young clerk spread until eventually it came to the attention of the learned men 
of his day. Impressed by his desire to educate himself, they supplied him with books 
that he might learn of the discoveries of other men. Since many of the best books 
were written by Europeans, Bowditch first taught himself their languages. French, 
Spanish, Latin, Greek, and German were among the two dozen or more languages 
and dialects he studied during his life. At the age of 16 he began the study of Newton’s 
Principia, translating parts of it from the Latin. He even found an error in that classic, 
and though lacking the confidence to announce it at the time, he later published his 
findings and had them accepted. 

During the Revolutionary War a privateer out of Beverly, a neighboring town to 
Salem, had taken as one of its prizes an English vessel which was carrying the philo- 
sophical library of a famed Irish scholar, Dr. Richard Kirwan. The books were brought 
to the Colonies and there bought by a group of educated Salem men who used them to 
found the Philosophical Library Company, reputed to have been the best library north 
of Philadelphia at the time. In 1791, when Bowditch was 18, two Harvard-educated 
ministers, Rev. John Prince and Rev. William Bentley, persuaded the Company to 
allow Bowditch the use of its library. Encouraged by these two men and a third— 
Nathan Read, an apothecary and also a Harvard man—Bowditch studied the works of 
the great men who had preceded him, especially the mathematicians and the astrono- 
mers. By the time he became of age, this knowledge, acquired before and after his long 
working hours and in his spare time, had made young Bowditch the outstanding mathe- 
matician in the Commonwealth, and perhaps in the country. 

lll 
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In the seafaring town of Salem, Bowditch was drawn to navigation early, learning 
the subject at the age of 13 from an old British sailor. A year later he began studying 
surveying, and in 1794 he assisted in a survey of the town. At 15 he devised an almanac 
reputed to have been of great accuracy. His other youthful accomplishments included 
the construction of a crude barometer and a sundial. 

When Bowditch went to sea at the age of 21, it was as captain’s writer and nominal 
second mate, the officer’s berth being offered him because of his reputation as a scholar. 
Under Captain Henry Prince, the ship Henry sailed from Salem in the winter of 1795 
on what was to be a year-long voyage to the Ile de Bourbon (now called fle de la Ré- 
union) in the Indian Ocean. 

Bowditch began his seagoing career when accurate time was not available to the 
average naval or merchant ship. A reliable marine chronometer had been invented some 
60 years before, but the prohibitive cost, plus the long voyages without opportunity to 
check the error of the timepiece, made the large investment an impractical one. A sys- 
tem of determining longitude by “lunar distance,” a method which did not require an 
accurate timepiece, was known, but this product of the minds of mathematicians and 
astronomers was so involved as to be beyond the capabilities of the uneducated seamen 
of that day. Consequently, ships navigated by a combination of dead reckoning and 
parallel sailing (a system of sailing north or south to the latitude of the destination and 
then east or west to the destination). 

To Bowditch, the mathematical genius, computation of lunar distances was no 
mystery, of course, but he recognized the need for an easier method of working them 
in order to navigate ships more safely and efficiently. Through analysis and observa- 
tion, he derived a new and simplified formula during his first trip, a formula which was 
to open the book of celestial navigation to all seamen. 

John Hamilton Moore’s The Practical Navigator was the leading navigational 
text when Bowditch first went to sea, and had been for many years. Early in his 
first voyage, however, the captain’s writer-second mate began turning up errors in 
Moore’s book, and before long he found it necessary to recompute some of the tables 
he most often used in working his sights. Bowditch recorded the errors he found, 
and by the end of his second voyage, made in the higher capacity of supercargo, the 
news of his findings in The Practical Navigator had reached Edmund Blunt, a publisher 
at Newburyport, Mass. At Blunt’s request, Bowditch agreed to correct Moore’s 
book. The first edition of The New Practical Navigator was published in 1799, with 
correction of the errors Bowditch had found to that time, and with some additional 
information. The following year a second edition was published with additional correc- 
tions. Bowditch eventually found more than 8,000 errors in the work, however, and it 
was finally decided to completely rewrite the book and to publish it under his own 
name. In 1802 the first edition of The New American Practical Navigator by Nathaniel 
Bowditch was published, and his vow to put nothing in the book he could not teach 
every member of his crew served to keep the work within the understanding of the 
average seaman. In addition to the improved method of determining longitude, 
Bowditch’s book gave the ship’s officer information on winds, currents, and tides; 
directions for surveying; statistics on marine insurance; a glossary of sea terms; in- 
struction in mathematics; and numerous tables of navigational data. His simplified 
methods, easily grasped by the intelligent seaman willing to learn, paved the way for 
‘““Yankee’’ supremacy of the seas during the clipper ship era. 

Two months before sailing for Cadiz on his third voyage, in 1798, Bowditch married 
Elizabeth Boardman, daughter of a shipmaster. While he was away, his wife died at 
the age of 18. Two years later, on October 28, 1800, he married his cousin, Mary 
Ingersoll, she, too, the daughter of a shipmaster. They had eight children. 
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Bowditch made a total of five trips to sea, over a period of about nine years, his 
last as master and part owner of the three-masted Putnam. Homeward bound from a 
13-month voyage to Sumatra and the Ile de France (now called Mauritius) the Putman 
approached Salem harbor on December 25, 1803, during a thick fog without having 
had a celestial observation since noon on the 24th. Relying upon his dead reckoning, 
Bowditch conned his wooden-hulled ship to the entrance of the rocky harbor, where he 
had the good fortune to get a momentary glimpse of Eastern Point, Cape Ann, enough 
to confirm his position. The Putnam proceeded in, past such hazards as ‘“‘Bowditch’s 
Ledge’ (named after a great-grandfather who had wrecked his ship on the rock more 
than a century before) and anchored safely at 1900 that evening. Word of the daring 
feat, performed when other masters were hove-to outside the harbor, spread along the 
coast and added greatly to Bowditch’s reputation. He was, indeed, the “‘practical 
navigator.” 

His standing as a mathematician and successful shipmaster earned him a lucrative 
(for those times) position ashore within a matter of weeks after his last voyage. He 
was installed as president of a Salem fire and marine insurance company, at the age 
of 30, and during the 20 years he held that position the company prospered. In 1823 
he left Salem to take a similar position with a Boston insurance firm, serving that 
company with equal success until his death. 


From the time he finished the ‘‘Navigator” until 1814, Bowditch’s mathematical 
and scientific pursuits consisted of studies and papers on the orbits of comets, applica- 
tions of Napier’s rules, magnetic variation, eclipses, calculations on tides, and the chart- 
ing of Salem harbor. In that year, however, he turned to what he considered the greatest 
work of his life, the translation into English of Mécanique Céleste, by Pierre Laplace. 
Mecanique Céleste was asummary of all the then known facts about the workings of the 
heavens. Bowditch translated four of the five volumes before his death, and published 
them at his own expense. He gave many formula derivations which Laplace had not 
shown, and also included further discoveries following the time of publication. His work 
made this information available to American astronomers and enabled them to pursue 
their studies on the basis of that which was already known. Continuing his style of 
writing for the learner, Bowditch presented his English version of Mécanique Céleste in 
such a manner that the student of mathematics could easily trace the steps involved in 
reaching the most complicated conclusions. 


Shortly after the publication of The New American Practical Navigator, Harvard 
College honored its author with the presentation of the honorary degree of Master 
of Arts, and in 1816 the college made him an honorary Doctor of Laws. From the 
time the Harvard graduates of Salem first assisted him in his studies, Bowditch had a 
great interest in that college, and in 1810 he was elected one of its Overseers, a position 
he held until 1826, when he was elected to the Corporation. During 1826-27 he was 
the leader of a small group of men who saved the school from financial disaster by 
forcing necessary economies on the college’s reluctant president. At one time Bow- 
ditch was offered a Professorship in Mathematics at Harvard but this, as well as 
similar offers from West Point and the University of Virginia, he declined. In all his 
life he was never known to have made a public speech or to have addressed any large 
group of people. 

Many other honors came to Bowditch in recognition of his astronomical, math- 
ematical, and marine accomplishments. He became a member of the American Academy 
of Arts and Sciences, the East India Marine Society, the Royal Academy of Edinburgh, 
the Royal Society of London, the Royal Irish Academy, the American Philosophical 
Society, the Connecticut Academy of Arts and Sciences, the Boston Marine Society, 
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the Royal Astronomical Society, the Palermo Academy of Science, and the Royal 
Academy of Berlin. 

Nathaniel Bowditch outlived all of his brothers and sisters by nearly 30 years. 
Death came to him on March 16, 1888, in his sixty-fifth year. The following eulogy 
by the Salem Marine Society indicates the regard in which this distinguished American 
was held by his contemporaries: 

“In his death a public, a national, a human benefactor has departed. Not this 
community, nor our country only, but the whole world, has reason to do honor to his 
memory. When the voice of Eulogy shall be still, when the tear of Sorrow shall cease 
to flow, no monument will be needed to keep alive his memory among men; but as long 
as ships shall sail, the needle point to the north, and the stars go through their wonted 
courses in the heavens, the name of Dr. Bowditch will be revered as of one who helped 
his fellow-men in a time of need, who was and is a guide to them over the pathless 
ocean, and of one who forwarded the great interests of mankind.”’ 

The New American Practical Navigator was revised by Nathaniel Bowditch several 
times after 1802 for subsequent editions of the book. After his death, Jonathan Inger- 
soll Bowditch, a son who made several voyages, took up the work and his name appeared 
on the title page from the eleventh edition through the thirty-fifth, in 1867. In 1868 the 
newly organized U.S. Navy Hydrographic Office bought the copyright. Revisions 
have been made from time to time to keep the work in step with navigational improve- 
ments. The name has been altered to the American Practical Navigator, but the book is 
still commonly known as ‘‘Bowditch.’”’ A total of more than 850,000 copies has been 
printed in about 70 editions during the more than a century and a half since the book 
was first published in 1802. It has lived because it has combined the best thoughts of 
each generation of navigators, who have looked to it as their final authority. 


PREFACE 


This epitome of navigation has been maintained continuously since it was first 
published in 1802. The U.S. Navy maintained ‘‘Bowditch” from 1868 until 1972, when 
the Defense Mapping Agency Hydrographic Center was assigned the responsibility for 
its publication. 

This volume of the extensively revised edition provides the tables, formulas, data, 
and instructions needed by the navigator to perform many of the computations 
associated with dead reckoning, piloting, and celestial navigation. 

The intent of the original author to provide a compendium of navigational material 
understandable to the mariner has been consistently followed. However, navigation 
is not presented as a mechanical process to be followed blindly. Rather, emphasis 
has been given to the fact that the aids provided by science can be used effectively to 
improve the art of navigation only if a well-informed person of mature judgment and 
experience is on hand to interpret information as it becomes available. Thus, the facts 
needed to perform the mechanics of navigation have been supplemented with additional 
material intended to help the navigator acquire perspective in meeting the various needs 
that arise. 

Many institutions, organizations, groups, and individuals have assisted in the 
preparation of volume II, but all of the material has been edited by one individual 
to assure continuity and consistency. Particular acknowledgment is given the following: 
Dr. P. Kenneth Seidelmann, Assistant Director, Nautical Almanac Office, U.S. Naval 
Observatory, for his assistance in matters pertaining to the almanacs and related 
topics; Dr. William H. Guier for the improved table 9; Captain Wayne M. Waldo and 
Mr. Richard M. Plant, Maritime Institute of Technology and Graduate Studies, 
Linthicum Heights, Maryland, and Lieutenant Commander Guy P. Clark, U‘S. 
Coast Guard, for their contributions to chapter XII; Rear Commander Allan E. 
Bayless, N; and Past Staff Commander O. B. Ellis, N, U.S. Power Squadrons, for 
their assistance in examining the text for errors; Commander Frank E. Bassett, U.S. 
Navy, Chairman, Lieutenant Commander Arthur J. Tuttle, U.S. Navy, and Lieuten- 
ant Commander Richard A. Smith, Royal Navy, of the Department of Navigation, 
Division of Naval Command and Management, United States Naval Academy, for 
their guidance in practical areas; the U.S. Power Squadrons for suggestions relating to 
the graph of article 1106 for height of tide determination, and table 35; and many 
individuals, especially the marine navigation instructors and experienced practicing 
navigators who have responded to our questionnaires and offered constructive sug- 
gestions or directed attention to errors in previous editions. 

‘1 Users should refer corrections, additions, and comments for improving this product 
: DIRECTOR, DEFENSE MAPPING AGENCY HYDROGRAPHIC/TOPOGRAPHIC 
ENTER, Washington, D.C. 20315, ATTN: Code PRH. 
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EXPLANATION OF TABLES 


Table 1. Conversion Angle.—The angles listed in this table are the differences 
between the great-circle and rhumb line (Mercator) directions between various points. 
The table is used in converting radio bearings to equivalent rhumb line bearings for 
plotting on a Mercator chart. The sign to be used is indicated at the bottom of the 
table. 

The first one and one-half pages of the table, for differences of longitude of not more 
than 4°5, and middle latitudes between 0° and 85°, is intended primarily for use in 
converting radio bearings observed near a coast. In high latitudes it may be needed for 
converting visual bearings of objects a considerable distance away. 

In high latitudes it is not unusual to make use of bearings on objects a considerable 
distance from the vessel. Because of the rapid convergence of the meridians in these 
areas, such bearings are not correctly represented by straight lines on a Mercator chart. 
If this projection is used, the bearings should be corrected in the same manner that 
radio bearings are corrected, since both can be considered great circles. This part of the 
table is entered with (1) the middle latitude between the craft and radio station or 
object, and (2) the difference of longitude between these two points. Do not use this 
part of the table if the latitudes are of contrary name (one north, the other south), 
if the difference of latitude is more than 10°, or if the difference of longitude is more 
than 4°5. Under any of these conditions, use the second part of the table. For this part, 
the entering arguments are (1) the latitude of the receiver, (2) the difference of longitude 
(DLo) between the two points involved, and (3) the latitude of the transmitter. For 
accurate results, use triple interpolation (art. 204). 

Use of the table is explained in article 1402. 


The conversion angles on the first one and one-half pages of the table were computed by means of 
the formula: 
tan conversion angle=sin Lm tan 4% DLo, 


in which Lm is the middle latitude, and DLo is the difference of longitude. This formula is based upon 
the assumption that the plot of a great-circle track on a Mercator chart is symmetrical, the axis of 
symmetry being the perpendicular bisector of the rhumb line connecting the two points. No error of 
practical significance in ordinary navigation is introduced by this erroneous assumption over the 
range covered by the first one and one-half pages of the table. 

The remainder of the table was computed by means of the formula: conversion angle=initial great- 
circle direction~rhumb line direction. The initial great-circle directions were computed by means of 
the formula: 

hav C=csc D sec L; [hav co L;—hav (D~co L;)], 


in which C is the initial great-circle direction, D is the great-circle distance in arc units, L, is the latitude 
of departure (or receiver), and L, is the latitude of the destination (or transmitter). The distance D 
was computed by means of the formula: 


hav D=hav DLo cos L, cos L,+hav (L;~Lz), 


in which the notation is the same as above. 
The rhumb line directions were computed by means of the formula: 
tan ge Dte ) 
m 


in which C is the rhumb line direction, and m= M,~M,, the meridional parts of the two latitudes. 
3 
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Table 2. Conversion of Compass Points to Degrees.—In this table the compass is 
boxed to 128 quarter points and the equivalent angle is given in degrees, minutes, and 
seconds. The naming of the quarter points, as given here, is one of several systems 
that have been used. ; 

Table 3. Traverse Table.—This table can be used in the solution of the usual prob- 
lems encountered in any of the sailings except great-circle and composite. In providing 
the values of the difference of latitude and departure corresponding to distances up to 
600 miles and for courses for every degree of the compass, table 3 is essentially a tabula- 
tion of the solutions of plane right triangles. Since the solutions are for integral values of 
the acute angle and the distance, interpolation for intermediate values may be required. 
Through appropriate interchanges of the headings of the columns, solutions for other than 
plane sailings can be effected. The interchanges of the headings of the different columns 
are summarized at the foot of each table opening. 

The distance, difference of latitude, and departure columns are labeled Dist., 
D.Lat., and Dep., respectively. 

For the solution of the plane right triangle, any number N in the distance column is 
the hypotenuse; the number opposite in the difference of latitude column is N times the 
cosine of the acute angle; and the other number opposite in the departure’ column is N 
times the sine of the acute angle. Or, the number in the column labeled D.Lat. is the value 
of the side adjacent and the number in the column labeled Dep. is the value of the side 
opposite the acute angle. 

The use of this table in the solution of problems of the various sailings is given 
in chapter X. 

Table 4. Table of Offsets.—This table gives the corrections to the straight line of 
position (LOP) as drawn on a chart or plotting sheet to provide a closer approximation of 
the arc of the circle of equal altitude, a small circle of radius equal to the zenith distance. 

In adjusting the straight LOP to obtain a closer approximation of the arc of the 
circle of equal altitude, points on the LOP are offset at right angles to the LOP in the 
direction of the celestial body. The arguments for entering the table are the distance 
from the DR to the foot of the perpendicular and the altitude of the body. 


The table was computed by means of the formulas: 
R= 3438’ cot h 
sin a= D/R 
X=R(1—cos 6), 


in which X is the offset, R is the radius of a circle of equal altitude for altitude h, and D is the distance 
from the intercept to the point on the LOP to be offset. 


Table 5. Meridional Parts.—In this table the meridional parts used in the con- 
struction of Mercator charts and in Mercator sailing are tabulated to one decimal 
place for each minute of latitude from the equator to the poles. The use of the table 
is explained in article 1007. 


The table was computed by means of the formula: 


4 
M=a log, 10 log tan (45°+-3) —a(e sin L+$ sin? LS sins b+...) 


{n which 
M is the number of meridional parts between the equator and the given latitude, a is the equatorial 
radius of the earth, expressed in minutes of arc of the equator, or 


_ 21,600 


i 2a 


= 3437.74677078 (log=3.5362738827), 
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log, is the natural (Naperian) logarithm, using the base e=2.71828182846, 

loge 10=2.30258509299 (log=0.3622156886), 

L is the latitude, 

e is the ellipticity of the earth, or ¥2f—f?=0.08227185422 (log =8.9152512855—10), 
and 


f is the flattening of the earth, or f= =0.00339006034 (log=7.5302074283 — 10). 


1 
294.98 
Using these values, 

a loge 10=7915.704468 (log=3.8984895715) 


ae? = 23.268932 (log=1.3667764504) 
4 
= = 0.052500 (log =8.7201593034— 10) 


6 
<=0.000213 (log = 6.3283796034—10). 


Hence, the formula becomes 


M=7915.704468 log tan (45°+3) — 23.268932 sin L—0.052500 sin? L—0.000213 sin L... 


The constants used in this derivation and in the table are based upon the Clarke spheroid of 1866 
(app. D), the standard reference spheroid used for charting North America. 

Table 6. Length of a Degree of Latitude and Longitude.—This table gives the 
length of one degree of latitude and longitude at intervals of 1° from the equator to 
the poles. In the case of latitude, the values given are the lengths of the arcs extending 
half a degree on each side of the tabulated latitudes. Lengths are given in nautical 
miles, statute miles, feet, and meters. 


The values were computed in meters, using the Clarke spheroid of 1866 (app. D), and converted 
to other units by the factors given in appendix D. The following formulas were used: 


M=111,132.09—566.05 cos 2L+1.20 cos 4L—0.002 cos 6L+ ... 
P=111,415.13 cos L—94.55 cos 3L+0.12 cos 5L— .. . 


in which M is the length of 1° of the meridian (latitude), L is the latitude, and P is the length of 1° 
of the parallel (longitude). 


Table 7. Distance of an Object by Two Bearings.—To determine the distance of an 
object as a vessel on a steady course passes it, observe the differences between the course 
and two bearings of the object, and note the time interval between bearings. Enter this 
table with the two differences. Multiply the distance run between bearings by the 
number in the first column to find the distance of the object at the time of the second 
bearing, and by the number in the second column to find the distance when abeam. Use 
of the table is explained in article 1204. 


The table was computed by solving plane oblique and right triangles (art. 142). 


Table 8. Distance of the Horizon.—This table gives the distance, in nautical and 
statute miles, of the visible horizon for various heights of eye from 1 to 200,000 feet. 
The actual distance varies somewhat as refraction changes. Also, the formulas used 
contain an approximation which introduces an error of a few tenths of a mile at the 
greatest heights tabulated. However, the error is generally less than that introduced 
by nonstandard atmospheric conditions. Since the earth’s ellipticity is not considered, 
the table can be used at any place on the earth, without appreciable error. 

Use of the table is explained in article 1206. 


The table was computed by means of the formulas: 


nautical miles: D=1.144 Vh, 
statute miles: D=1.317 Vh, 


in which D is the distance of the horizon in miles, and h is the height above the surface in feet. The 
constants 1.144 and 1.317 are based upon the mean radius of the earth according to the Clarke spheroid 
of 1866 (app. D). 


6 EXPLANATION OF TABLES 


Table 9. Distance by Vertical Angle.—This table provides means for determining 
the distance of an object of known height above sea level. The vertical angle between 
the top of the object and the visible (sea) horizon (the sextant altitude) is measured 
and corrected for index error and dip only. If the visible horizon is not available as a 
reference, the angle should be measured to the hottom of the object, and dip short of 
the horizon (tab. 22) used in place of the usual dip correction. This may require several 
approximations of distance by alternate entries of tables 9 and 22 until the same value 
is obtained twice. The table is entered with the difference in the height of the object 
and the height of eye of the observer, in feet, and the corrected vertical angle; and the 
distance in nautical miles is taken directly from the table. An error may be introduced 
if refraction differs from the standard value used in the computation of the table. Use 
of the table is explained in article 1203. 

The derivation of the formula used in the computation of the table is given in the 
article entitled ‘“Note on Determining Range from Sextant Altitude” by Dr. William H. 
Guier, published in NAVIGATION: Journal of the Institute of Navigation, Vol. 15, 
No. 4, Winter 1968-69, pp. 366-75. 

Table 9 is a modification of Tables I, II, and III of Dr. Guier’s article, which is 
copyrighted by The Institute of Navigation, Washington, D.C. The data from Tables 
I, I, and III are used with the permission of the Institute of Navigation, Washington, 
D.C. 

Table 10. Direction and Speed of True Wind.—This table provides a means of 
converting apparent wind, observed aboard a moving craft, to true wind. To use the 
table, divide the apparent wind, in knots, by the vessel’s speed, also in knots. This 
gives the apparent wind speed in units of ship’s speed. Enter the table with this value 
and the difference between the heading and the apparent wind direction. The values 
taken from the table are (1) the difference between the heading and the true wind 
direction, and (2) the speed of the true wind in units of ship’s speed. The true wind is 
on the same side as the apparent wind, and from a point farther aft. To convert wind 
speed in units of ship’s speed to speed in knots, multiply by the vessel’s speed in knots. 
The steadiness of the wind and the accuracy of its measurement are seldom sufficient 
to warrant interpolation in this table. If speed of the true wind and relative direction 
of the apparent wind are known, enter the column for direction of the apparent wind, 
and find the speed of the true wind, in units of ship’s speed. The number to the left 
is the relative direction of the true wind. The number on the same line in the side 
columns is the speed of the apparent wind in units of ship’s speed. Two solutions are 
possible if speed of the true wind is less than the ship’s speed. 

The table was computed by solving the triangle involved in a graphical solution, using the 
formulas: 

_ sin Ba 
Sa—cos Ba 
Br=Ba+a, 

sin B 

c= sin Fi 


tan a= 


in which a is an auxiliary angle, Ba is the difference between the heading and the apparent wind 
direction, S, is the speed of the apparent wind in units of ship’s speed, Br is the difference between 
the heading and the true wind direction, and Sr is the speed of the true wind in units of ship’s speed. 


Table 11. Correction of Barometer Reading for Height Above Sea Level.—If simul- 
taneous barometer readings at different heights are to be of maximum value in weather 
analysis, they should be converted to the corresponding readings at a standard height, 
usually sea level. To convert the observed barometer reading to this level, enter this 
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table with the outside temperature and the height of the barometer above sea level. The 
height of a barometer is the height of its sensitive element; in the case of a mercurial 
barometer, this is the height of the free surface of mercury in the cistern. The correction 
taken from this table applies to the readings of any type barometer, and is always 
added to the observed readings, unless the barometer is below sea level. 


The correction was computed by means of the formula: 


1 
CS eS ae (Ceara | 
8 \T+0.00178308H 


in which 
C is the correction in inches of mercury, 
H is the height of the barometer above sea level in feet, and, 
T is the mean temperature, in degrees Rankine (degrees Fahrenheit plus 459°67), of the air be- 
tween the barometer and sea level. At sea, the outside air temperature is sufficiently accurate 
for this purpose. 


Table 12. Correction of Barometer Reading for Gravity.—The height of the mercury 
column of a mercurial barometer is affected by the force of gravity, which changes with 
latitude and is approximately equal along any parallel of latitude. The average gravita- 
tional force at latitude 45°32’40’’ is used as the standard for calibration. This table 
provides a correction to convert the observed reading at any other latitude to the 
corresponding value at latitude 45°32’40’’, so that it will have maximum value in 
weather analysis of an area. Enter the table with the latitude, take out the correction, 
and apply in accordance with the sign given. The correction does not apply to aneroid 
barometers. 


The correction was computed by means of the formula: 


C=B (—0.002637 cos 2L+0.000006 cos? 2L— 0.000050), 
in which 
C is the correction in inches, 
B is the observed reading of the barometer (corrected for temperature and instrumental errors) in 
inches of mercury. This table was computed for a standard height of 30 inches, and 
L is the latitude. 


Table 13. Correction of Barometer Reading for Temperature.—Because of the differ- 
ence in expansion of the mercury column of a mercurial barometer and that of the brass 
scale by which the height is measured, a correction should be applied to the reading 
when the temperature differs from the standard used for calibration of the instrument. 
To find the correction, enter this table with the temperature in degrees Fahrenheit, and 
the barometer reading. Apply the correction in accordance with the sign given. This 
correction does not apply to aneroid barometers. 


The standard temperature used for calibration is 32° F for the mercury, and 62° F for the brass. 
The correction was computed by means of the formula: 


m (T—32°)—1 (T—62°) 


sammie (emiCh 22") 


td 
in which 
C is the correction in inches, 
B is the observed reading of the barometer in inches of mercury, 
m is the coefficient of cubical expansion of mercury =0.0001010 cubic inches per degree F, 
lis the coefficient of linear expansion of brass=0.0000102 inches per degree F, and 
T is the temperature of the attached thermometer in degrees F. 
Substituting the values for m and / and simplifying: 
T—28°630 
1.1123 T+ 10978° 


The minus sign before B indicates that the correction is negative if the temperature is more than 
28°630. 


C=—B 
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Table 14. Conversion Table for Millibars, Inches of Mercury, and Millimeters of 
Mercury.—The reading of a barometer in inches or millimeters of mercury correspond- 
ing to a given reading in millibars can be found directly from this table. 


The formula for the pressure in millibars is: 


Bu Dg 


P=T000 


in which 
P is the atmospheric pressure in millibars, 
Bm is the height of the column of mercury in millimeters, 
D is the density of mercury=13.5951 grams per cubic centimeter, and 
g is the standard value of gravity =980.665 dynes. Substituting numerical values: 


P= ieooo2Z bm 
and 
18 
Bu=733909 =0.750064P. 
Since one millimeter = 0.03937 inches, 
0.03937 P 
B; = 733392, =0.0295300P, 


in which B, is the height of the column of mercury, in inches. 


Table 15. Conversion Table for Thermometer Scales.—Enter this table with tem- 
perature Fahrenheit, F; Celsius (centigrade), C; or Kelvin, K; and take out the cor- 
responding readings on the other two temperature scales. 

On the Fahrenheit scale, the freezing temperature of pure water at standard sea- 
level pressure is 32°, and the boiling point under the same conditions is considered 
212°. The corresponding temperatures are 0° and 100°, respectively, on the Celsius 
scale and 273°15 and 373°15, respectively, on the Kelvin scale. The value of (—) 
273°15 C for absolute zero, the starting point of the Kelvin scale, is the value recog- 
nized officially by the National Bureau of Standards of the United States. 


The formulas for converting the reading of one scale to the corresponding values of the others, 
derived from the figures given above, are: 


O=2 (F—32°)=K 273915, 
F=20+32°=2K — 459°67, 


K=2(F +459267)=C+273°15, 
in which all temperatures are in degrees. 


Table 16. Relative Humidity——To determine the relative humidity of the atmos- 
phere, enter this table with the dry-bulb (air) temperature (F), and the difference 
between the dry-bulb and wet-bulb temperatures (F). The value taken from the table 
is the approximate percentage of relative humidity. If the dry-bulb and wet-bulb 
temperatures are the same, relative humidity is 100 percent. 


The table was computed by means of the formula: 


100e 
Cw 


Re 


in which 
R is the approximate relative humidity in percent, 
e is the ambient vapor pressure, and 
ey is the saturation vapor pressure over water at dry-bulb temperature. 
Professor Ferrel’s psychrometric formula was used for computation of e: 


tle Sar 
e=e — [0.000367 (t—t’) (+ 1571 )} 
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in which 
e is the ambient vapor pressure in millibars, 
e’ is the saturation vapor pressure in millibars at wet-bulb temperature with respect to water, 


P is the atmospheric pressure (the millibar equivalent of 30 inches of mercury is used for this 
table), 
t is the dry-bulb temperature in degrees Fahrenheit, and 
t’ is the wet-bulb temperature in degrees Fahrenheit. 
The values of e, were taken from the International Meteorological Organization Publication 
Number 79, 1951, table 2, pages 82-83. 


Table 17. Dew Point.—To determine the dew point, enter this table with the 
dry-bulb (air) temperature (F), and the difference between the dry-bulb and wet-bulb 
_ temperatures (F). The value taken from the table is the dew point in degrees Fahren- 


heit. If the dry-bulb and wet-bulb temperatures are the same, the air is at or below 
the dew point. 


The values given in this table were obtained (1) by determining the saturation vapor pressure e’ 
for the given temperature T (in degrees Rankine) by means of the following formula: 


671.67 671.67 ( 1.84 (1a) ) 
logis e’ = —7.00298 ( a —1) +5.02808 log a —1.3816X 10-7 \10 Cire] 


( —s.ao19 (7 _1) ) 
+8.1328x 10-310 —1/) +logio 1013.246, 


(2) by determining the ambient vapor pressure by means of Ferrel’s formula (see explanation to 
table 16), (3) by substituting e for e’ in the formula of (1) to obtain the temperature T of the wet 
bulb when saturation occurs (to the precision of table 17), and (4) by converting the wet-bulb tem- 
perature (T) to the dry-bulb temperature T’ by means of the equation: 


T’=T+(t—t’), 


where (t—t’) is the depression of the wet-bulb temperature. Tables evaluating e’ in terms of T for 
use in steps (1) and (8) are given in International Meteorological Organization Publication Number 
79, 1951, and the Smithsonian Meteorological Tables, Sixth Revised Edition, 1951. 

Table 18. Speed Table for Measured Mile.—To find the speed of a vessel travers- 
ing a measured nautical mile in a given number of minutes and seconds of time, enter 
this table at the top or bottom with the number of minutes, and at either side with the 
number of seconds. The number taken from the table is speed in knots. Accurate 
results can be obtained by interpolating to the nearest 0.1 second. 


This table was computed by means of the formula: 


3600 
Ss= es iim ’ 


in which S is speed in knots, and T is elapsed time in seconds. 


Table 19. Speed, Time, and Distance.—To find the distance steamed at any given 
speed between 0.5 and 40 knots in any given number of minutes from 1 to 60, enter 
this table at the top with the speed, and at the left with the number of minutes. The 
number taken from the table is the distance in nautical miles. If hours are substi- 
tuted for minutes, the tabulated distance should be multiplied by 60; if seconds are 
substituted for minutes, the tabulated distance should be divided by 60. Use of the 
table is explained in article 1202. 


The table was computed by means of the formula: 


ST 
D=%’ 


in which D is distance in nautical miles, S is speed is knots, and T is elapsed time in minutes. 
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Table 20. Conversion Table for Nautical and Statute Miles.—This table gives 
the number of statute miles corresponding to any whole number of nautical miles from 
1 to 100, and the number of nautical miles corresponding to any whole number of 
statute miles within the same range. The entering value can be multiplied by any 
power of 10, including negative powers, if the corresponding value of the other unit is 
multiplied by the same power. Thus, 2,700 nautical miles are equivalent to 3,107.1 
statute miles, and 0.3 statute mile is equivalent to 0.2607 nautical mile. Hence, to 
find the number of statute miles equal to 2463.2 nautical miles: 


Nautical miles Statute miles 
2400.0 2761.9 
63.0 (2.5 
0.2 0.2 
2463.2 2834.6 


The table was computed by means of the conversion factors of appendix D: 
1 nautical mile=1.15077945 statute miles, 
1 statute mile=0.86897624 nautical mile. 


Table 21. Conversion Table for Meters, Feet, and Fathoms.—The number of feet 
and fathoms corresponding to a given number of meters, and vice versa, can be taken 
directly from this table for any value of the entering argument from 1 to 120. The 
entering value can be multiplied by any power of 10, including negative powers, if the 
corresponding values of the other units are multiplied by the same power. Thus, 420 
meters are equivalent to 1378.0 feet, and 11.2 fathoms are equivalent to 20.483 meters. 
Hence, to find the number of meters equal to 2163 feet: 


Feet Meters 
2100 640 

_63 19 
2163 659. 


The table was computed by means of the relationships given in appendix D: 
1 meter =39.370079 inches, 
1 foot =12 inches, 
1 fathom=6 feet. 


Approximately the same results would be obtained by using the direct conversion factors given in 
appendix D. 


Table 22. Dip of the Sea Short of the Horizon.—lIf land, another vessel, or other 
obstruction is between the observer and the sea horizon, use the waterline of the ob- 
struction as the horizontal reference for altitude measurements, and substitute dip 
from this table for the dip of the horizon (height of eye correction) given in the Nautical 
Almanac or other source. The values below the bold rules are for normal dip, the 
visible horizon being between the observer and the obstruction. Use of the table is 
explained in articles 726 and 1203 and in the explanation of table 9. 


The table was computed by means of the formula: 


D,=0.4156d +0.56585; 


in which D, is the dip short of the sea horizon, in minutes; d is the distance to the waterline of the 
obstruction, in nautical miles; and h is the height of eye of the observer above sea level, in feet. 
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Table 23. Altitude Correction for Air Temperature.—This table provides a correc- 
tion to be applied to the altitude of a celestial body when the air temperature varies 
from the 50° F used for determining mean refraction by means of the Nautical Almanac. 
For maximum accuracy, apply index correction and dip to sextant altitude first, 
obtaining apparent (rectified) altitude for use in entering this table. Enter the table 
with altitude and air temperature in degrees Fahrenheit. Apply the correction, in 
accordance with its tabulated sign, to altitude. Use of the table is explained principally 
in chapter VIII, and especially in articles 807 and 827. 


The table was computed by means of formula: 


510 


Correction= 1a (- 460+T ’ 


in which R,, is mean refraction and T is temperature in degrees Fahrenheit. 


Table 24. Altitude Correction for Atmospheric Pressure.—This table provides a 
correction to be applied to the altitude of a celestial body when the atmospheric pressure 
varies from the 29.83 inches (1010 millibars) used for determining mean refraction by 
means of the Nautical Almanac. For most accurate results, apply index correction 
and dip to sextant altitude first, obtaining apparent (rectified) altitude for use in 
entering this table. Enter the table with altitude and atmospheric pressure. Apply 
the correction to altitude, adding if the pressure is less than 29.83 inches and subtracting 
if it is more than 29.83 inches. Use of the table is explained principally in chapter VIII, 
and especially in articles 808 and 827. 


The table was computed by means of the formula: 
Correction=R (Q- sae) , 
ae 29.83 


in which R,, is mean refraction and P is atmospheric pressure in inches of mercury. 


Table 25. Meridian Angle and Altitude of a Body on the Prime Vertical Circle.—A 
celestial body having a declination of contrary name to the latitude does not cross the 
prime vertical above the celestial horizon, its nearest approach being at rising or setting. 

If the declination and latitude are of the same name, and the declination is numeri- 
cally greater, the body does not cross the prime vertical, but makes its nearest approach 
(in azimuth) when its meridian angle, east or west, and altitude are as shown in this 
table, these values being given in italics above the heavy line. At this time the body 
is stationary in azimuth. 

If the declination and latitude are of the same name and numerically equal, the 
body passes through the zenith as it crosses both the celestial meridian and the prime 
vertical, as shown in the table. 

If the declination and latitude are of the same name, and the declination is numeri- 
cally less, the body crosses the prime vertical when its meridian angle, east or west, 
and altitude are as tabulated in vertical type below the heavy line. 

The table is entered with declination of the celestial body and the latitude of the 
observer. Computed altitudes are given, no allowance having been made for refraction, 
dip, parallax, etc. The tabulated values apply to any celestial body, but values are 
not given for declination greater than 23° because the tabulated information is gen- 
erally desired for the sun only. Use of the information given in this table is discussed 
in articles 710 and 721. 
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The table was computed by means of the following formulas, derived by Napier’s rules (art. 
142): 
Nearest approach (in azimuth) to the prime vertical: 


esc h=sin d csc L, 

sec t=tan d cot L. 
On the prime vertical: 

sin h=sin d csc L, 

cos t=tan d cot L. 


In these formulas, h is the altitude, d is the declination, L is the latitude, t is the meridian angle. 


Table 26. Latitude and Longitude Factors.—The latitude obtained by solution 
of an ex-meridian sight (art. 732) is inaccurate if the longitude used in determining 
the meridian angle is incorrect. Similarly, the longitude obtained by solution of a 
time sight (volume I) is inaccurate if the latitude used in the solution is incorrect, 
unless the celestial body is on the prime vertical. This table gives the errors resulting 
from unit errors in the assumed values used in the computations. There are two columns 
for each tabulated value of latitude. The first gives the latitude factor, f, which is the 
error in minutes of latitude for a one-minute error of longitude. The second gives the 
longitude factor, F, which is the error in minutes of longitude for a one-minute error 
of latitude. In each case, the total error is the factor multiplied by the number of minutes 
error in the assumed value. Although the factors were originally intended for use in 
correcting ex-meridian altitudes and time-sight longitudes, they have other uses which 
may suggest themselves. 

The azimuth angle used for entering the table can be measured from either the 
north or south, through 90°; or it may be measured from the elevated pole, through 
180°. If the celestial body is in the southeast (090°-180°) or northwest (270°-360°) 
quadrant, the f correction is applied to the northward if the correct longitude is east of 
that used in the solution, and to the southward if the correct longitude is west of that 
used; while the F correction is applied to the eastward if the correct latitude is north of 
that used in the solution, and to the westward if the correct latitude is south of that 
used. If the body is in the northeast (000°-090°) or southwest (180°-270°) quadrant, 
the correction is applied in the opposite direction. These rules apply in both north 
and south latitude. 


The table was computed by means of the formulas: 


1 
sec Lcot ZF’ 
1 1 


F=sec L cot Oe ten 7. 


f=cos L tan Z= 


in which f is the tabulated latitude factor, L is the latitude, Z is the azimuth angle, and F is the tabu- 
lated longitude factor. 


Table 27. Amplitudes.—This table lists amplitudes of celestial bodies at rising and 
setting. Enter with the declination of the body and the latitude of the observer. The 
value taken from the table is the amplitude when the center of the body is on the celestial 
horizon. For the sun, this occurs when the lower limb is a little more than half a 
diameter above the visible horizon. For the moon it occurs when the upper limb is 
about on the horizon. Use the prefix E if the body is rising, and W if it is setting; use 
the suffix N or S to agree with the declination of the body. Table 28 can be used with 
reversed sign to correct the tabluations to the values for the visible horizon. Use of 
table 27 is explained in article 720. 
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The table was computed by means of the following formula, derived by Napier’s rules (art. 142): 
sin A=sec L sin d, 


in which A is the amplitude, L is the latitude of the observer, and d is the declination of the celestial 
body. 

Table 28. Correction of Amplitude as Observed on the Visible Horizon.— 
This table contains a correction to be applied to the amplitude observed when the 
center of a celestial body is on the visible horizon, to obtain the corresponding amplitude 
when the center of the body is on the celestial horizon. For the sun, a planet, or a star, 
apply the correction in the direction away from the elevated pole, thus increasing the 
azimuth angle. For the moon apply half the correction toward the elevated pole. This 
correction can be applied in the opposite direction to a value taken from table 27, to 
find the corresponding amplitude when the center of a celestial body is on the visible 
horizon. The table was computed for a height of eye of 41 feet. For other heights 
normally encountered, the error is too small to be of practical significance in ordinary 
navigation. Use of the table is explained in article 720. 


The values in the table were determined by computing the azimuth angle when the center of the 
celestial body is on the visible horizon, converting this to amplitude, and determining the difference 
between this value and the corresponding value from table 27. Computation of azimuth angle was 
made for an altitude of (—)0°42/0, determined as follows: 


Dip at 41 feet height of eye (—) 6/2 
Refraction at (—)6‘2 alt. (—)35/3 
Irradiation of horizon (—) 0/6 
Parallax (value for sun) (+) OF1 

(—) 42/0 


Azimuth angle was computed by means of the formula: 
sin d—sin h sin L 
cos h cos L 


in which Z is the azimuth angle, d is the declination of the celestial body, h is the altitude (—0°42‘0), 
and L is the latitude of the observer. 


cos Z= 


Table 29. Altitude Factor.—In one minute of time from meridian transit the 
altitude of a celestial body changes by the amount shown in this table if the altitude is 
between 6° and 86°, the latitude is not more than 60°, and the declination is not more 
than 63°. The values taken from this table are used to enter table 30 for solving reduc- 
tion to the meridian (ex-meridian) problems. 

For upper transit, use the left-hand pages if the declination and latitude are of the 
same name (both north or both south) and the right-hand pages if of contrary name. 
For lower transit, use the values below the heavy lines on the last three contrary-name 
pages. When a factor is taken from this part of the table, the correction from table 30 
is subtracted from the observed altitude to obtain the corresponding meridian altitude. 
All other corrections are added. 


The table was computed by means of the formula: 
a=1"9635 cos L cos d ese (U~d), 


in which a is the change of altitude in one minute from meridian transit (the tabulated value), L is 
the latitude of the observer, and d is the declination of the celestial body. 

This formula can be used to compute values outside the limits of the table, but is not accurate 
if the altitude is greater than 86°. 

Table 30. Change of Altitude in Given Time from Meridian Transit.—Enter this 
table with the altitude factor from table 29 and the meridian angle, in either arc or time 
units, and take out the difference between the altitude at the given time and the 
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altitude at meridian transit. Enter the table separately with whole numbers and 
tenths of a, interpolating for t if necessary, and add the two values to obtain the total 
difference. This total can be applied as a correction to observed altitude to obtain 
the corresponding meridian altitude, adding for upper transit and subtracting for lower 
transit. 


The table was computed by means of the formula: 


at? 


C=’ 


in which C is the tabulated difference to be used as a correction to observed altitude, in minutes of 
arc; a is the altitude factor from table 29, in seconds of arc; and t is the meridian angle, in minutes of 
time. 

This formula should not be used for determining values beyond the limits of the table, unless 
reduced accuracy is acceptable. 


Table 31. Natural Trigonometric Functions.—This table gives the values of 
natural sines, cosecants, tangents, cotangents, secants, and cosines of angles from 0° to 
180°, at intervals of 1’. For angles between 0° and 45° use the column labels at the 
top and the minutes at the left; for angles between 45° and 90° use the column labels 
at the bottom and the minutes at the right; for angles between 90° and 135° use the 
column labels at the bottom and the minutes at the left; and for angles between 135° 
and 180° use the column labels at the top and the minutes at the right. These com- 
binations are indicated by the arrows accompanying the figures representing the 
number of degrees. For angles between 180° and 360°, subtract 180° and proceed 
as indicated above to obtain the numerical values of the various functions. 

Differences between consecutive entries are shown in the “Diff. 1’’’ column to 
the right of each column of values of a trigonometric function, as an aid to interpolation. 
These differences are one-half line out of step with the numbers to which they apply, as in 
a critical table. Each difference applies to the values half a line above and half a line 
below. To determine the correction to apply to the value for the smaller entering angle, 


recone) of the entering 


60 
angle. Note whether the function is increasing or decreasing, and add or subtract 
the correction as appropriate, so that the interpolated value lies between the two 
values between which interpolation is made. 

The logarithms of values given in this table are given in table 33. The trigonometric 
functions are explained in article 139. 


Table 32. Logarithms of Numbers.—The first page of this table gives the com- 
plete common logarithm (characteristic and mantissa) of numbers 1 through 250. 
The succeeding pages give the mantissa only of the common logarithm of any number. 
Values are given for four significant digits of entering values, the first three being in the 
left-hand column, and the fourth at the heading of one of the other columns. Thus, the 
mantissa of a three-digit number is given in the column headed 0, on the line with the 
given number; while the mantissa of a four-digit number is given in the column headed 
by the fourth digit, on the line with the first three digits. As an example, the mantissa 
of 328 is 51587, while that of 3.284 is 51640. For additional digits, interpolation should 
be used. The difference between each tabulated mantissa and the next larger tabulated 
mantissa is given in the “d” column to the right of the smaller mantissa. This difference 
can be used to enter the appropriate proportional parts (‘‘Prop. parts”) auxiliary 
table to interpolate for the fifth digit of the given number. If an accuracy of more than 
five significant digits is to be preserved in a computation, a table of logarithms to addi- 
tional decimal places should be used. For a number of one or two digits, use the first 


multiply the difference by the number of tenths of a minute (or 
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page of the table or add zeros to make three digits. That is, the mantissa of 3, 30, and 
300 is the same, 47712. Interpolation on the first page of the table is not recommended. 
The second part should be used for values not listed on the first page. 

Additional information on the nature and use of logarithms is given in article 110. 


Table 33. Logarithms of Trigonometric Functions.—This table gives the common 
logarithms (+10) of sines, cosecants, tangents, cotangents, secants, and cosines of 
angles from 0° to 180°, at intervals of 1’. For angles between 0° and 45° use the column 
labels at the top and the minutes at the left; for angles between 45° and 90° use the 
column labels at the bottom and the minutes at the right; for angles between 90° and 
135° use the column labels at the bottom and the minutes at the left; and for angles 
between 135° and 180° use the column labels at the top and the minutes at the right. 
These combinations are indicated by the arrows accompanying the figures representing 
the number of degrees. For angles between 180° and 360°, subtract 180° and proceed 
as indicated above to obtain the numerical values of the various functions. 

Differences between consecutive entries are shown in the ‘Diff. 1’ ” columns as 
in table 31, except that one difference column is used for both sines and cosecants, 
another for both tangents and cotangents, and a third for both secants and cosines. 
These differences, given as an aid to interpolation, are one-half line out of step with 
the numbers to which they apply, as in a critical table. Each difference applies to the 
values half a line above and half a line below. To determine the correction to apply to the 
value for the smaller entering angle, multiply the difference by the number of tenths of a 
seconds 

60 
ing or decreasing, and add or subtract the correction as appropriate, so that the inter- 
polated value lies between the two values between which interpolation is made. 

Natural trigonometric functions are given in table 31. The trigonometric functions, 
both natural and logarithmic, are explained in article 139. 


minute (or ) of the entering angle. Note whether the function is increas- 


Table 34. Haversines.—This table lists the common logarithms (+10) of haver- 
sines, and natural haversines, of angles from 0° to 360°, at intervals of 1’. For angles 
between 0° and 180° use the degrees as given at the tops of the columns and the minutes 
at the left; for angles between 180° and 360° use the degrees as given at the bottoms of 
the columns and the minutes at the right. 


A haversine is half of a versed sine: 
hav A=¥% ver A=% (1—cos A) =sin? A. 
It is further discussed in article 139. 


Table 35. The Ageton Method.—The late Rear Admiral Arthur A. Ageton, USN, 
devised this method while serving in the grade of lieutenant. It was first published in 
1931 as H.O. Pub. No. 211, Dead Reckoning Altitude and Azimuth Table. 

The table is designed for the solution of the divided astronomical triangle with all 
formulas in terms of secants and cosecants. The table gives five-place log cosecants 
(labeled A) and log secants (labeled B), both multipled by 100,000 to eliminate the 
characteristic and decimal. These values are given in parallel columns for each 0°5 of 
angle from 0° to 180°. The method can be used for solution from the dead reckoning or 
any other assumed position. The method is intended for use without interpolation. 
However, when the quantity K used in the solution or the meridian angle approaches 
90°, the solution accuracy is significantly reduced. When the value of K is found to 
lie within the limits of 87°30’ and 92°30’, the maximum error in computed altitude with- 
out interpolation is about 30’. When interpolation is neglected outside these limits, 
the maximum error is about 6’. The interpolation of the log secant (B) of R, the auxil- 
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iary part used to divide the oblique spherical triangle into two right spherical triangles, 
from the log cosecant (A) of R alone reduces the maximum error in altitude to about 
2'0 when K is 90° and to about 0/8 when K is 80°. When K is between 82° and 98°, it 
is good practice to either discard the sight or to interpolate the log secant (B) of R from 
the log cosecant (A) of R. Use of the table is explained in articles 718 and 1012. 

Table 36. Time Zones, Zone Descriptions, and Suffixes.—The zone description and 
the single letter of the alphabet designating a time zone and sometimes used as a suffix to 
zone time for all time zones are given in this table. 

Table 37. Natural and Numerical Chart Scales.—This table gives the numerical 
scale equivalents for various natural or fractional chart scales. 

The scale of a chart is the ratio of a given distance on the chart to the actual distance 
which it represents on the earth. The scale may be expressed as a simple ratio or frac- 


tion, the natural scale. For example, 1:80,000 or means that one unit (such as an 


1 
80,000 
inch) on the chart represents 80,000 of the same unit on the surface of the earth. Or the 
scale may be expressed as a statement of that distance on the earth shown as one unit 
(usually an inch) on the chart, or vice versa. This is the numerical scale. 

The table was computed using 72,913.39 inches per nautical mile and 63,360 inches 
per statute mile. 
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0.3 1.4 93. t 198.0 | 3.5] 58 45 
0.3 1.4 2.4 199.0] 3.5] 59 4.5 
0.3 1.4 2.4 200.0 | 3.5] 60 4.5 
0.4 14 oar 201.0 | 3.5] 261 4.6 | 
0. 4 iL. @ 2.5 202.0] 3.5] 62 4.6 
0. 4 1.4 2.5 203.0} 3.5] 63 4.6 
0. 4 1.5 2.5 204.01 3.6] 64 4.6 
0.4 1.5 2.5 205.0 | 3.69 65 4.6 
0.5 15 2.5 206.0} 3.6] 66 46 
0.5 15 2.6 207.0} 3.6] 67 4,7 
0.5 1.5 2.6 208.0] 3.6] 68 aa 
0.5 1.6 2.6 209.0 | 3.6] 69 Zs / 
0.5 1.6 2.6 210.0 | 3.7] 70 4.7 
: 0.5 1.6 2.6 211.0] 3.7] 271 4.7 
é 0.6 1.6 ei 212.6) 3.74 72 4.7 
: 0. 6 1.6 Dees 213.0} 3.7] 73 4.8 
: 0.6 iG 2.7 214.0} 3.7) 74 4.8 
35. 0. 6 iY i 215.0} 3.8] 75 4.8 
36. 0. 6 7 OG 216.0] 3.8] 76 4.8 
37. 0.6 7 27 217.0 | 3.8] 77 4.8 
38. 0.7 11 7 2.8 218.0] 3.8] 78 49 
39. 0.7 1.7 2.8 219.0} 3.8] 79 4.9 
L 0.7 i 2.8 220.0} 3.8] 80 4.9 
0.7 1.8 2.8 221.0 | 3.9] 281 4.9 
0.7 1.8 2.8 222.0] 3.9] 82 4.9 
0.8 1.8 2.8 223.0} 3.99 83 4.9 
0.8 1.8 2.9 224.0] 3.9] 84 5.0 
0.8 1.8 2.9 225.0 | 3.9] 85 5.0 
0.8 1.8 2.9 226.0 | 3.9] 86 5.0 
0.8 1.9 2.9 227.0 | 4.0] 87 5.0 
0.8 1.9 2.9 228.0} 404 88 5.0 
0.9 1.9 2.9 229.0) 40] 89 5.0 
0.9 1.9 3.0 230.0 | 40] 90 5.1 
0.9 1.9 3.0 231.0 | 4.0] 291 5.1 
5 0.9 2.0 3.0 232.0] 4.0] 92 5.1 
: 0.9 2.0 3.0 233.0 | 4.1] 93 5.1 
‘ 0.9 2.0 3.0 234.0] 414 94 5.1 
; 1.0 2.0 3.1 235.0 | 41] 95 i, a 
: 1.0 2.0 Sui 236.0 | 41] 96 5.2 
57. 1.0 2.0 3.1 237.0) 4.1] 97 5.2 
58. 1.0 it 3.1 238.0| 42] 98 5.2 
59. 1.0 2, Al 3.1 239.0| 42] 99 5. 2 
60.0] 1.0 il 3.1 240.0 | 4.2 } 300 5.2 
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356° | 004° TABLE 3 356° | 004° 
184° | 176° Traverse 4° 184° | 176° 


Dist. | D. Lat. Dist. | D. Lat. D. Lat. D. Lat. Dep. Dist. | D. Lat. Dep. 
301 | 300.3 861 | 360.1 420. 0 479.8 | 33.6 | 541 
02 | 301.3 62 | 361.1 421.0 480.8 | 33.6 | 42 
03 | 302.3 63 | 362.1 422.0 481.8 | 33.7] 43 
04 | 303.3 64 | 363.1 423.0 482.8 | 33.8] 44 
05 | 304.3 65 | 364.1 424. 0 483.8 | 33.8} 45 
06 | 305.3 66 | 365.1 425. 0 484.8 | 33.9) 46 
07 | 306.3 67 | 366.1 426. 0 485.8 | 34.0] 47 b 
08 | 807.2 68 | 367.1 427.0 486.8 | 34.0} 48 b 
09 | 308. 2 69 | 368.1 428. 0 487.8 | 34.1} 49 : 
10 | 309. 2 70 | 369.1 429.0 488.8 | 34.2 50 F 
$11 | 310.2 371 | 370.1 430. 0 489.8 | 34.3 | 551 38. 
12 | 311.2 72 | 871.1 430. 9 490.8 | 34.3] 52 38. 
13 | 312.2 73 | 372.1 431.9 491.8 | 34.4] 53 38. 
14 | 313.2 74 | 373.1 432. 9 492.8 | 34.5] 54 38. 
15 | 314.2 75 | 374.1 433. 9 493.8 | 34.59% 55 38. 
16 | 315.2 76 | 375.1 434. 9 494.8 | 34.6} 56 38. 
17 | 316.2 77 | 376.1 435. 9 495.8 | 34.7] 57 38. 
18 | 317.2 78 | 377.1 436.9 496.8 | 34.7] 58 38. 
19 | 318.2 79 | 378.1 437.9 497.8 | 34.8} 59 39. 
20 | 319. 2 80 | 379.1 438.9 498.8 | 34.9] 60 39. 
321 | 320.2 381 | 380.1 439.9 499.8 | 34.9 § 561 39. 
22 | 321.2 82 | 381.1 440.9 500.8 | 35.07 62 39. 
23 | 322.2 83 | 382.1 441.9 501.8 | 35.1} 63 39. 
24 | 323.2 84 | 383.1 442.9 502.8 | 35.2 | 64 39. 
25 | 324.2 85 | 384.1 443.9 503.8 | 35.2] 65 39. 
26 | 325. 2 86 | 385.1 444.9 504.8 | 35.37 66 39. 
27 | 326.2 87 | 386.1 445. 9 505.8 | 35.4] 67 39. 
28 | 327.2 88 | 387.1 446.9 b 30.4} 68 39. 
29 | 328.2 89 | 388.1 447.9 35.5 | 69 39. 
30 | 329.2 90 | 389.0 448. 9 35.6 | 70 39. 
331 | 330.2 5 391 | 390.0 449.9 35. 6 f 571 39. 
32 | 331.2 : 92 | 391.0 450. 9 35.74 72 39. 
33 | 332.2 i 93 | 392.0 451.9 35.8 | 73 40. 
34 | 333. 2 3 94 | 393.0 452.9 35.9 | 74 AO. 
35 | 334.2 . 95 | 394.0 453.9 35.9 | 75 40. 
36 | 335. 2 5 96 | 395.0 454. 9 36.0) 76 40. 
37 | 336.2 | 23.5] 97 | 396.0 455. 9 86.1] 77 40. 
38 | 337.2 | 23.6% 98 | 397.0 456. 9 36.1] 78 40. 
39 | 338.2 | 23.67 99 | 398.0 457.9 36.24 79 40. 
40 | 339.2 | 23.7 | 400 | 399.0 458. 9 36.3 | 80 40. 
341 | 340.2 | 23.8 } 401 | 400.0 459. 9 36.3 | 581 40. 
42 | 341.2 | 23.99% 02] 401.0 460. 9 86.4} 82 40. 
43 | 342.2 | 23.9} 03 | 402.0 461.9 36.5 | 83 40. 
44 | 343.2 | 24.09 04 | 403.0 462.9 36.6 | 84 40. 
45 | 344.2 | 24.19 05 | 404.0 463. 9 36.6 | 85 40. 
46 | 345.2 | 24.1} 06 | 405.0 464. 9 36.7] 86 40. 
47 | 346.2 | 24.2] 07 | 406.0 465. 9 36.8 | 87 40. 
48 | 347.2 | 24.3] 08 | 407.0 466. 9 36.8 | 88 41. 
49 | 348.1 | 24.3] 09] 408.0 467.9 36.9} 89 41. 
50 | 349.1 | 24.4} 10} 409.0 468. 9 37.09 90 41. 
351 | 350.1 | 24.5 f 411 | 410.0 469. 9 37.0 } 591 4). 
52 | 351.1 | 24.6 411.0 470.9 37.1} 92 41. 
53 | 352.1 | 24.6 13 | 412.0 471.8 37. 93 41. 
54 | 353.1 | 24.74 14 | 413.0 472.8 87.2] 94 4]. 
55 | 354.1 | 24.89 15 | 414.0 473.8 37.3] 95 41. 
56 | 355.1 | 24.8) 16 | 415.0 474. 8 37.44 96 41, 
57 | 356.1 | 24.99 17 | 416.0 475. 8 37.5 | 97 41. 
58 | 357.1 | 25.07 18 | 417.0 476.8 37.5 | 98 41. 
59 | 358.1 |] 25.0) 19] 418.0 477.8 37.6} 99 41. 
60 | 359.1 | 25.1] 20 | 419.0 478.8 37.7 | 600 3 
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491 | 402.2 |281.6 
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D. Lat. Dep. ist. | D. Lat. Dep. Dist. | D. Lat. | Dep. Dist. | D. Lat. Dep. 


97.9 | 71.1] 181 | 146.4 | 106.4 
: 71.7} 82 | 147.2 | 107.0 
148.1 | 107.6 
148.9 | 108. 2 
149.7 | 108. 7 
150. 5 | 109.3 
151.3 | 109.9 
152.1 | 110.5 
152.9 |111.1 
1537, | L157 
154.5 | 112.3 
155.3 | 112.9 
156.1 | 113.4 
156.9 | 114.0 
157.8 |114.6 
158.6 | 115. 2 
159.4 | 115.8 
160.2 | 116.4 
161.0 |117.0 
161.8 | 117.6 
162.6 | 118.1 
163. 4 | 118.7 
164.2 | 119.3 
165.0 | 119.9 
165. 8 | 120.5 
166.7 | 121.1 
167.5 | 121.7 
168. 3 | 122.3 
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169.9 | 123. 4 
170.7 | 124.0 
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172.3 | 125.2 
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187.7 | 136. 4 
188.5 | 137.0 
189.3 | 137.5 
190.1 | 138.1 
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191.7 | 139.3 
192.5 | 139.9 
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444, 2 | 322.7 
445. 0 | 323.3 


445. 8 | 323.9 
446. 6 | 324.5 
447.4% | 325.0 
448. 2 | 325.6 
449.0 | 326.2 
449.8 } 326.8 
450. 6 | 327.4 
451. 4 | 328.0 
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164.5 | 124.0 
165. 3 | 124. 6 
166.1 | 125. 2 
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320° | 040° TABLE 3 320° | 040° 
220° aT 140° Traverse 40° Table Za. | L40r 


276. 5 | 232. 1{ 421 | 322.5 | 270.6] 481 541 


D. Lat Dep. 


. 3 | 271.3 
824. 0 | 271.9 
324. 8 | 272.5 
325. 6 | 273. 2 
826. 3 | 273. 8 
327.1 | 274.5 
327.9 | 275.1 
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393. 0 | 329.8 
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396. 8 | 333. 0 
397. 6 | 333. 6 
398. 3 | 334. 2 


399. 1 | 334. 9 


399. 9 | 335. 5 
400. 6 | 336. 2 
401. 4 | 336. 8 
402. 2 | 337.5 
402.9 | 338.1 
403. 7 | 338. 7 
404. 5 | 339. 4 
405. 2 | 340. 0 
406. 0 | 340. 7 


406. 8 | 341.3 


407.5 | 342. 0 
408.3 | 342. 6 
409. 1 | 343. 2 
409. 8 | 343. 9 
410. 6 | 344. 5 
411. 4 | 345. 2 
412.1 | 345. 8 
412.9 | 346. 5 
413.7 | 347.1 


310° | 050° 
230° | 130° 
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319°| 041° TABLE 3 319° | 041° 
221° 1189" AV2 able 297° I 139° 


Traverse 


D. Lat. Dep. j ; E Dep. D. Lat. Dep. 


79.4) 181 .6 |118. 7] 241 | 181.9 | 158.1 
80. Of 4 1119.4 182.6 | 158.8 
80. 7 ~1 | 120.1 183.4 | 159.4 
120.7 184.1 | 160.1 
121.4 184.9 | 160.7 
122. 0} 3 161. 4 
122. 7 A 162.0 
123. 3 é 162.7 
124.0 : 163. 4 
124. 7 : 164.0 
125.3] 251 : 164.7 
126. 0 ; 165.3 
126.6 : 166.0 
127.3 : 166. 6 
127.9 ; 167.3 
128.6 f 168. 0 
129. 2 : 168. 6 
129.9 b 169.3 
130. 6 : 169. 9 | 
131. 2] : 170.6 
171.2 
171.9 | 
172.5 
178. 2 
173.9 
174.5 
175. 2 
175.8 
176.5 
Viigo 
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178. 4 
179.1 
179. 8 
180. 4 
181.1 
181.7 
182. 4 
183. 0 
183. 7 
145.0 281 : 184. 4 
145.6 : 185.0 
146. 3 : 185. 7 
147.0 : 186.3 
147.6 b 187.0 
148. 3 E 187.6 
148. 9 f ; 188.3 
149.6 . 188. 9 
150. 2 218.1 | 189.6 
150. 9 218.9 | 190.3 
151.5} 291 | 219.6 | 190.9 
152. 2 220.4 | 191.6 
152.9 221.1 | 192.2 
153.5 221.9 | 192.9 
154, 2 222.6 | 193.5 
154. 8 223.4 | 194.2 
.9 | 155.5 224.1 | 194.8 
179.6 | 156.1 224.9 | 195.5 
: c 180. 4 | 156.8 225.7 | 196.2 
80 181.1 | 157.5] 300 | 226.4 | 196.8 
t. 
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319° | 041° 
221° | 139° 
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TABLE 3 
41° 
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319° | 041° 
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Dist. 


D. Lat. 


D. Lat. 


Dep. 


363.0 


315.6 
316.2 
316.9 
317.5 
318. 2 
318.8 
319.5 
320. 2 
320. 8 
321.5 
322.1 
322.8 
323. 4 
324.1 
324.7 
325. 4 
326.1 
326.7 
327.4 
328.0 


311° | 049° 
229° | Loi" 
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318° | 042° TABLE 3 318° | 042° 
299° | 138° — Traverse 999° | 1:38? 
D. Lat. ! ist. . Lat. : ist. ; ist.) Debat. Dep. 


134.5 |121.1 
135. 3 | 121.8 
186.0 | 122.5 
136. 7 | 123.1 - 
137.5 | 123.8 5 163.9 
138. 2 | 124.5 ' 164.6 
139.0 | 125.1 : 165.3 
139. 7 | 125.8 : 165.9 
140.5 | 126.5 é 166. 6 
141.2 | 127.1 F 167.3 
127.8 : 168.0 
128.5 3 168. 6 
129.1 5 169.3 
170.0 
170.6 
171.3 
172.0 
172.6 
173.3 
174.0 
174.6 
175.3 
176.0 
176.7 
177.3 
178.0 
178. 7 
179.3 
180.0 
180. 7 
181.3 
182.0 
182.7 
183. 3 
184.0 
184. 7 
185.3 
186. 0 
186. 7 
187.4 
164. 2 | 147.9 5 188. 0 | 
165.0 | 148.5 f 188. 7 
165.7 | 149.2 ? E 189. 4 
166. 5 | 149.9 : 190. 0 
167.2 | 150.6 ‘ 190. 7 
168.0 | 151.2 : 191.4 
168.7 | 151.9 ; 192.0 
169.4 | 152.6 : 192. 7 
170. 2 | 153. 2 s 193. 4 
170.9 | 153.9 ; 194.0 
171.7 | 154.6 b 194, 7 
172. 4 | 155. 2 - 195, 4 
173. 2 | 155.9 : 196.1 
173.9 | 156.6 b 196. 7 
174.6 | 157.2 ‘ 197.4 
175. 4 | 157.9 E 198. 1 
176.1 | 158.6 I 198. 7 
176.9 | 159. 3 5 199. 4 
177.6 | 159.9 5 200. 1 
40 h 200. 7 
ist. 


Ds Lat Dep. Dist. ; D. Lat. 
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8. 
9. 
10. 
11. 
11. 
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318° | 042° TABLE 3 318° | 042° 
909% Z| 138° Traverse ? oa5* eee 


BS 


2. 
43. 


6 
3 
1 
8 
6 
3 
0 
8 
5 
3 


EEE 


ggeege 


Dist. 


312° | 048° 
228° | 132° 
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317°.).043° TABLE 3 317° | 043° 
ea 137° 43° Table 223° | 187° 


Traverse 


Dist.| D. Lat. Dep. D. Lat D. Lat. Dep. Dist. | D. Lat, Dep. Dist. | D. Lat. Dep. 
0.7 44.6 88.5] 82.5 | 181 | 132.4) 123.4 | 241 | 176.3] 164.4 
1.5 45.3 89.2) 83.2} 82 | 183.1] 124.1] 42 | 177.0} 165.0 
2.2 46.1 90.0) 83.9 | 83 | 133.8) 124.8 } 43 | 177.7] 165.7 
2.9 46.8 90.7| 84.6] 84 | 134.6) 125.5] 44 | 178.5] 166.4 
3.7 47.5 91.4] 85.2] 85 }135.8| 126.2 | 45 | 179.2} 167.1 
4.4 48.3 92.2) 85.9} 86 |136.0| 126.9 | 46 | 179.9) 167.8 
5.1 49.0 92.9| 86.6] 87 | 186.8] 127.5} 47 | 180.6] 168.5 
5.9 49.7 93.6| 87.3] 88 | 137.5] 128.2] 48 | 181.4] 169.1 
6.6 50.5 94.3} 88.0} 89 | 138.2] 128.9 | 49 | 182.1) 169.8 
7.3 51.2 95.1) 88.7 | 90 | 139.0] 129.6} 50 | 182.8) 170.5 


1 0. 

2 AN: 

3 2. 

4 2. 

5 3. 

6 4. : 

7 4. : 

8 5. é 

9 6. : 
10 6. : ; 
ES AO ue 51.9 95.8} 89.3 | 191 | 139.7 | 180.3 | 251 | 183.6) 171.2 
12} 8.8 8. 52.7 96.5; 90.0] 92 | 140.4] 1380.9} 52 | 184.3) 171.9 
13 | 9.5 8. 53.4 97.3} 90.7 | 93 | 141.2] 181.6 | 53 | 185.0] 172.5 
14 | 10.2 9. 54.1 98.0] 91.4] 94 | 141.9] 132.3 | 54 | 185.8) 173.2 
15} 11.0} 10. 54.9 98.7) 92.1] 95 | 142.6] 133.0} 55 | 186.5) 173.9 
Ga Le ale nr 55. 6 99.5} 92.8] 96 | 143.3) 133.7] 56 | 187.2] 174.6 
lye abst al ls 56.3 100.2] 93.4] 97 | 144.1] 134.4] 57 | 188.0] 175.3 
18 | 18.2] 12. 57.0 100.9) 94.1} 98 | 144.8) 185.0 | 58 | 188.7) 176.0 
19)|.13:9) } 13. 57.8 101.7; 94.8} 99 | 145.5] 135.7 9 59 | 189.4) 176.6 
20 | 14.6 | 18. 58.5 | 54.6] 40 | 102.4] 95.5 | 200 | 146.3] 136.4 | 60 | 190.2} 177.3 
21 | 15.4 | 14. 59.2 | 55.2 | 141 | 103.1] 96.2 | 201 | 147.0} 137.1 | 261 | 190.9} 178.0 
22 | 16.1 | 15. 60.0 | 55.9] 42 /103.9) 96.8 | 02 | 147.7) 187.8] 62 | 191.6] 178.7 
23 | 16.8] 15. 60.7 | 56.6] 43 )104.6| 97.5] 03 | 148.5] 138.4} 63 | 192.3] 179.4 
24) 17.6) 16. 61.4] 57.3] 44/1053) 98.2] 04 | 149.2} 139.1] 64 | 193.1] 180.0 
25 | 18.3 | 17. 62.2 | 58.0] 45/106.0| 98.9) 05 | 149.9) 139.8 | 65 | 193.8) 180.7 
ZO se ONON perl de 62.9 | 58.7] 46/)106.8| 99.6} 06 | 150.7} 140.5} 66 | 194.5] 181.4 
PALE UROL |r sk 63.6 | 59.3] 47 | 107.5) 100.3 | 07 | 151.4; 141.2 | 67 | 195.3) 182.1 
28 | 20.5 | 19. 64.4 | 60.0] 48 | 108.2) 100.9} 08 | 152.1] 141.9} 68 | 196.0) 182.8 
29 |. 20.2 | 19. 65.1 | 60.7 | 49 | 109.0) 101.6 | 09 | 152.9] 142.5] 69 | 196.7 | 183.5 
80 | 21.9 | 20. 65.8 | 61.4] 50 | 109.7 | 102.3 | 10 | 153.6| 143.2 | 70 | 197.5} 184.1 
S22 7a B21e 66.6 | 62.1 | 151 | 110.4 | 103.0 | 211 | 154.3 | 143.9 | 271 | 198.2 | 184.8 
32 | 23.4] 21. 67.3 | 62.7 7 52 | 111.2] 103.7 | 12 | 155.0] 144.6 | 72 | 198.9] 185.5 
33 | 24.1] 22. 68.0] 63.4] 53 |111.9] 104.3 | 13 | 155.8] 145.3 | 73 | 199.7 | 186.2 
34 | 24.9] 23. 94 | 68.7 | 64.1] 54 | 112.6) 105.0} 14 | 156.5) 145.9 |} 74 | 200.4] 186.9 
35 | 25.6} 23. 95 | 69.5) 64.8} 55 |113.4/] 105.7 | 15 | 157.2] 146.6 | 75 | 201.1] 187.5 
36 | 26.3 | 24. 96 | 70.2 | 65.59 56/1141) 106.4 | 16 | 158.0] 147.3 | 76 | 201.9| 188.2 
87 | 27.1] 26. 97 | 70.9) 66.29 57 |114.8) 107.1] 17 | 158.7} 148.0] 77 | 202.6) 188.9 
38 | 27.8} 25. 98 | 71.7] 66.8] 58 |115.6) 107.8} 18 | 159.4] 148.7 | 78 | 203.3) 189.6 
39 | 28.5 | 26.6} 99] 72.4] 67.5} 59/1163] 108.4} 19 | 160.2] 149.4] 79 | 204.0} 190.3 
40 | 29.3 | 27.3 | 100 | 73.1) 68.2} 60 |117.0) 109.1 } 20 | 160.9] 150.0} 80 | 204.8} 191.0 
41 | 30.0 | 28.0] 101 | 73.9 | 68.9 } 161 | 117.7] 109.8 | 221 | 161.6] 150.7 | 281 | 205.5 | 191.6 
42 | 30.7 | 28.6% 02 | 74.6! 69.6} 62 1118.5] 110.5] 22 | 162.41 151.4] 82 1206.2] 192.3 
43 | 31.4] 29.3] 03] 75.3] 70.2] 63 | 119.2] 111.2 | 23 | 163.1] 152.1] 83 | 207.0] 193.0 
44 | 32.2 | 30.0] 04] 76.1] 70.9} 64)119.9/ 111.8] 24 | 163.8] 152.8] 84 | 207.7] 193.7 
45 | 32.9] 30.7} 05] 76.8 | 71.6] 65 | 120.7) 112.5] 25 | 164.6] 153.4] 85 | 208.4| 194.4 
46 | 33.6 | 31.4] 06] 77.5 | 72.3] 66 | 121.4) 113.2 | 26 | 165.3) 154.1] 86 | 209.2] 195.1 
47 | 34.4 | 32.1] 07 | 78.3 | 73.0] 67 | 122.1] 113.9} 27 | 166.0] 154.8] 87 | 209.9} 195.7 
48 | 35.1] 32.7} 08) 79.0 | 73.7] 68 | 122.9] 114.6] 28 | 166.7] 155.5] 88 | 210.6] 196.4 
49 | 35.8 | 33.4] 09] 79.7] 74.3] 69 | 123.6) 115.3 | 29 | 167.5; 156.2 | 89 | 211.4] 197.1 
50 | 36.6 | 34.1] 10] 80.4) 75.0] 70 | 124.3) 115.9} 30 /|168.2| 156.9} 90 | 212.1] 197.8 
51 | 37.3 | 34.8} 111 | 81.2 | 75.7 | 171 | 125.1) 116.6 | 231 | 168.9 | 157.5 J 291 | 212.8} 198.5 
52 | 38.0} 35.5} 12] 81.9 | 76.4] 72 |125.8) 117.3] 32 | 169.7) 158.2 | 92 | 213.6] 199.1 
53 | 38.8 | 36.1} 13 | 82.6 | 77.1] 73 | 126.5] 118.0} 33 |170.4| 158.9} 93 | 214.3] 199.8 
54 | 39.5) 36.8} 14] 83.4] 77.7] 74 |127.3| 118.7 | 34 |171.1| 159.6} 94 | 215.0} 200.5 
55 | 40.2 | 37.5] 15) 84.1) 78.4] 75 | 128.0) 119.3 | 35 | 171.9] 160.3 | 95 | 215.7 | 201.2 
56 | 41.0} 38.2] 16} 84.8] 79.1} 76 | 128.7] 120.0% 36 |172.6| 161.0] 96 | 216.5] 201.9 
57 | 41.7} 38.9} 17 | 85.6 | 79.8} 77 | 129.4] 120.7 | 37 | 173.3] 161.6] 97 | 217.2| 202.6 
58 | 42.4] 389.6} 18) 86.3] 80.5} 78 | 130.2] 121.4] 38 | 174.1] 162.3] 98 | 217.9] 203.2 
59 | 43.1 | 40.2 19] 87.0) 81.2] 79 | 130.9] 122.1} 39 | 174.8) 163.0} 99 | 218.7 | 203.9 

87.8 | 81.8] 80 | 131.6] 122.8 | 40 | 175.5| 163.7 | 300 | 219.4 | 204.6 


43.9 | 40.9] 20 
ist. 


[is [aes 


313° | 047° 
227° | 133° 
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31 Tol 043- TABLE 3 a HN | 043° 
cool Los Traverse 43° Table azo? | Lou 
D. Lat. ist. | D. Lat. 


307.9 : 351.8 5 395.7 | 369.0 

308.6 : 352.5 : 396.4 | 369.6 

309.4 : 353.2 ; 397.1] 370.3 

310.1 ; 354.0 : 397.9 | 371.0 

310.8 ; 354.7 ; 398.6 | 371.7 

311.6 ¢ 355.4 ; 399.3 | 372.4 

312.3 : 356.2 : 400.1 | 373.1 

313.0 : 356.9 : 400.8 | 373.7 

313.8 ‘ 357.6 : 401.5 | 374.4 

314.5 : 358.4 : 402.2 | 375.1 

315.2 : 359.1 : 403.0 | 375.8 

315.9 ; : : 403.7 | 376.5 

316.7 : y : 404.4 | 377.1 

405.2 | 377.8 

405.9 | 378.5 

406.6 | 379.2 

407.4 | 379.9 

408.1 | 380.6 

408.8 | 381.2 

409.6 | 381.9 

410.3 | 382.6 

411.0 | 383.3 

411.8 | 384.0 

412.5 | 384.6 

413.2 | 385.3 

413.9 | 386.0 

414.7 | 386.7 

; : ; : : 415.4 | 387.4 
265.3 : ; : 2 416.1} 388.1 
266.0 F : ; 9 416.9 | 388.7 


389.4 


272.8 
273.5 
274.2 
274.8 
275.5 
276.2 
276.9 
277.6 
278.3 
278.9 
279.6 


313° | 047° 
227° | 133° 
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316° | 044° TABLE 3 316° | 044° 
224° | 136°. Traverse. © aaa 224° | 136° 
Dist. Di bat, 


125.7 173. 4 
126. 4 174.1 
127.1 174. 8 
127.8 175.5 
128.5 176.2 
129. 2 177.0 
129.9 
130. 6 
131.3 
132. 0 
132. 7 
133. 4 
134.1 
134. 8 
135. 5 
136. 2 
136. 8 
137.5. 
138. 2 
138. 9 
139.6 
140.3 
141.0 
141.7 
142. 4 
143.1 
143. 8 
144.5 
145. 2 
145.9 
146. 6 
147.3 
148. 0 
148.7 
149. 4 
150.0 
150. 7 
151.4 
152.1 
152. 8 
153.5 
154. 2 
154. 9 
155. 6 
156. 3 
; : .6 | 157.0 
120.1 ' ~3 | 157.7 
120.8 : .O | 158. 4 
121.6 : 164.7 | 159.1 : 
122.3 : 165. 4 | 159.8 208. 6 
123.0 : 166. 2 | 160.5 209. 3 
123. 7 : 166.9 | 161.2 210.0 
124. 4 : 167.6 | 161.9 210. 8 
125. 2 - 168.3 | 162.6 211.5 
125. 9 : 169.0 | 163. 2 212.2 
126.6 : 169. 8 | 163.9 212.9 
127.3 : 170.5 | 164.6 213.6 
128.0 : 171.2 | 165.3 214. 4 
128.8 ‘ 171.9 | 166.0 215.1 
129.5 
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a 46° Soe 
226° Wes Hypotenuse | Side Adj. | Side Opp. 
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TABLE 3 or 044° 
Traverse 44° Table 224° | 136° 


D. Lat. Dep. Dist. 


302.8 | 292.5] 481 


316° | 044° 
224° : 136° 


Dist.. | D. Lat. 


D, Lat, Dep. 
346.0 | 334.1 


230.9 | 223.0} 381 


238.1 | 229.9) 391 
2 


217.2 | 209.8 
218.0 | 210.5 
218.7 | 211.2 
219.4 | 211.9 


222.3 |214.6 


223.0 | 215.3 


225.2 | 217.4 
925.9 |218.1 
226.6 | 218.8 


228.0 | 220.2 


229.5 | 221.6 
930.2 |292.3 


231.6 | 223.7 
232.3 | 224.4 
233.1 | 225.1 
233.8 | 225.8 
234.5 | 226.5 
235.2 | 227.2 
235.9 | 227.8 
236.7 | 228.5 
237.4 | 229.2 


238.8 | 230.6 
239.5 | 231.3 
240.3 | 232.0 
241.0 | 232.7 
241.7 | 233.4 
242.4 | 234.1 
243.1 | 234.8 
243.9 | 235.5 


244.6 | 236.2} 400 
245.3 | 236.9} 401 


246.0 | 237.6 
246.7 | 238.3 
247.5 | 239.0 
248.2 | 239.7 
248.9 | 240.4 
249.6 | 241.0 
250.3 | 241.7 
251.0 | 242.4 
251.8 | 243.1 


252.5 | 243. 8} ep 


258.2 | 244.5 
253.9 | 245.2 
254.6 | 245.9 
255.4 | 246.6 
256.1 | 247.3 
256.8 | 248.0 
257.5 | 248.7 
258.2 | 249.4 
259.0 | 250.1 


270.9 
271.6] 451 
272.3 
273.0 
273.7 
274.4 
275.1 
275.8 
276.5 
277.2 
277.8 


278.6} 461 


279.3 
279.9 
280. 6 
281.3 
282.0 
282.7 
283. 4 
284.1 
284.8 


285. 59 471 


286. 2 
286. 9 
287.6 
288.3 
289.0 
289.7 
290. 4 
291.1 
291.8 


303.6 | 293.1 
304.3 | 293.8 
305.0 | 294.5 
305.7 | 295.2 
306.4 | 295.9 
307.2 | 296.6 
307.9 |297.3 
308.6 | 298.0 
309.3 | 298.7 


310.0 | 299.4 


310.8 | 300.1 
311.5 |300.8 
312.2 |301.5 
312.9 | 302.2 
313.6 | 302.9 
314.4 | 303.6 
315.1 | 304.3 
315.8 | 305.0 
316.6 | 305.6 
317.2 | 306.3 
317.9 |307.0 
318.7 | 307.7 
319.4 | 308.4 
320.1 | 309.1 
320.8 | 309.8 
321.5 | 310.5 
322.3 | 311.2 
323.0 | 311.9 


323.7 | 312.6 


324.4 |313.3 
325.1 | 314.0 
325.9 | 314.7 
326.6 | 315.4 
327.3 | 316.1 
328.0 | 316.8 
328.7 |317.5 
329.5 | 318.2 


330.2 |318. 8] 


330.9 | 319.5 


331.6 | 320.2 


332.3 | 320.9 
333.1 | 321.6 
333.8 | 322.3 
334.5 | 323.0 
335. 2 | 323.7 
335.9 | 324.4 
336.7 | 325.1 
337.4 | 325.8 
338.1 | 326.5 


338.8 | 327.2 


339.5 | 327.9 
340.2 | 328.6 
341.0 | 329.3 
341.7 | 330.0 
342.4 | 330.7 
343.1 | 331.4 
343. 8 | 332.0 
344.6 | 332.7 
345.3 | 333. 4 


346.7 |334. 8 
347.4 | 335.5 
348.2 | 336. 2 
348.9 | 336.9 
349.6 | 337.6 
390.3 | 338.3 
351.0 | 339.0 
351.7 |339.7 
352.5 | 340.4 
353.2 | 341.1 
353.9 | 341.8 
354.6 | 342.5 
355. 4 | 343.2 
356.1 | 343.9 
356.8 | 344.6 
357.5 | 345.2 
358.2 | 345.9 
359.0 | 346.6 
359.7 | 347.3 


360.4 | 348.0 


361.1 | 348.7 
361.8 | 349.4 
362.5 | 350.1 
363.3 | 350.8 
364.0 |351.5 
364.7 | 352.2 
365.4 | 352.9 
366.1 | 353.6 
366.9 | 354.3 
367.6 {355.0 
368.3 |355.7 
369.0 | 356.4 
369.7 |357.1 
370.5 |357.7 
371.2 | 358.4 
371.9 |359.1 
372.6 |359.8 
373.3 | 360.5 
374.1 | 361.2 


374.8 |361.9 


375.5 1362.6 
376.2 | 363.3 
376.9 | 364.0 
377.7 | 364.7 
378.4 | 365.4 
379.1 | 366.1 
379.8 | 366.8 
380.5 | 367.5 
381.3 | 368. 2 
382.0 | 368.9 
382.7 | 369.6 
383. 4 | 370.3 
384.1 | 370.9 
384.8 | 371.6 
385.6 | 372.3 
386.3 | 373.0 
387.0 | 373.7 
387.7 | 374.4 
388.4 | 375.1 


314° | 046° 
226° | 134° 
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315° | 045°: TABLE 3 315° | 045° 
225° 135° 45° Table DIOR am? 


Traverse 


Dist. . Lat. Dep. Dist. . Lat. 5 ist. , | Dep. 


43.1] 121 : : .0| 128.0 
43.8 : . 7 \ed28a7 
44.5 : ; A| 129.4 
45.3 : : 1} 130.1 
46.0 : ; 8 | 130.8 
46.7 : ; .5| 131.5 i 

47.4 g ! OM) MEPRY3 Wl eee 

48.1 ; i 9 | 132.9 A| 175.4 

48.8 k : 6 | 133.6 1| 176.1 

49.5 : ; 4} 134.4 8| 176.8 

50.2 | 131 ; 5 Lkeoa de as: 

50.9] 32 : ; 8| 135.8 .2| 178.2 

136.5 .9| 178.9 

137.2 .6| 179.6 

137.9 3 | 180.3 

138.6 ( .0| 181.0 

139.3 Wop SSES 

140.0 4| 182.4 

140.7 1! 183.1 

141.4 8| 183.8 

142.1 6| 184.6 

142.8 3| 185.3 

143.5 .0| 186.0 

144.2 .7| 186.7 

145.0 A| 187.4 

145.7 1} 188.1 

146.4 8| 188.8 

147.1 .5| 189.5 

147.8 .2| 190.2 

148.5 .9 | 190. 9 

149.2 6| 191.6 

149.9 3| 192.3 

150. 6 .0 | 193.0 

151.3 7 | 193.7 

152.0 5} 194.5 

152.7 2} 195.2 

153.4 9} 195.9 

154.1 .6| 196.6 

154.9 3} 197.3 

155.6 0} 198.0 

156.3 7a eLOS aia 

157.0 4| 199.4 

157.7 1} 200.1 

158.4 8 | 200.8 

159.1 .5| 201.5 

159.8 202.2 

160.5 9} 202.9 

161.2 6 | 203.6 

161.9 A| 204.4 

162.6 205.1] 205.1 

163.3 205.8 | 205.8 

164.0 206.5 | 206.5 

164.8 207.2 | 207.2 

165.5 207.9 | 207.9 

166.2 208.6 | 208.6 

166.9 209.3 | 209.3 

167.6 210.0 | 210.0 

168.3 210.7 | 210.7 

; .0| 169.0] 99 | 211.4] 211.4 

80 169.7 | 300 

ist. 


oO 
‘S 


OOWRH OR COD HE 
SPE COIS 
SiN a ae mae 
ERATOR COR RT 


| 


eet 
POON TOK RTWOWORDONMTIOWADO LN TNOHRIDHOADHRISDWRHON MDH RMON MOH RAT 


mR PRONE Soon 
Pee 


DHE REE Eee Hee 
SSSeataon| ROSES ooON 
ONUITOW DO! DOICOH RTOW DOH PIO CODON OOO 


1 
1 
1 
1 
1 
il 
1 
a 
ul 
1 
2 
2 


PI OS SEO 


iw) 


NNN NNHYNYNYNYNYN 
DN OUR ONO Fs 
wroNynwnwnnys 

SISOS SE SEO ts 


0 9 0 098 G9 G bo bO 
HOV ESSS 


Sue 


| 


[Jt] 
qq 


SERSSSSISS 
RISWRON MOH 
BRESSSSNS: 
PISWMRONE 
PRSSSASSSaNN: 
OR PTO WRDON Or 


D. Lat. | D 


ae es 


N. Nx Cos. Nx Sin. 


113 


aE 045° TABLE 3 OLO- | 0aD" 
220° | 185° Traverse 45° Table 225° | 135° 


fies coe 


297.7 | 297.7 f 7 382. 5 
298.4 | 298.4 F : .2 | 383.3 
299.1 | 299.1 : : .9 | 384.0 
384.7 
385.4 
386.1 
386. 8 
387.5 
388. 2 


304.1 |304.1 


306.2 | 306.2 
306.9 |306.9 


310.4 |310.4 
311.1 {311.1 


311.8 | 311.8 


317.5 |317.5 


318.9 | 318.9 
319.6 | 319.6 
320.3 | 320.3 
321.0 |321.0 
321.7 | 321.7 


325.3 | 325.3 
326.0 |326.0 


328.1 | 328.1 
328.8 | 328.8 
329.5 | 329.5 
330.2 | 330. 2 
330.9 | 330.9 
331.6 | 331.6 
332.3 | 332.3 
333.1 | 333.0 
333.8 | 333.8 


D. Lat. | Dist. 


315° | 045° 
225° | 135° 
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TABLE 5 
Meridional Parts 

Lat. 0° ie Dc Oy ag) Do 6° (fe 8° 9° Lat 

0 0.0 59, 6] 119. 2) 178.9) 288.6) 298.4) 358.2) 418.2) 478.3) 538. 6] 0 

1 1.0 60. 6 202 79.9 39. 6| 299. 4 59. 2 19, 2 79. 3 39. 6 1 

2 PO) 61. 6 Bile 80. 9 40. 6} 300.3 60. 2 20. 2 80. 3 40. 6} 2 

3 3.0 62. 6 2252 81.8 41.6 (0) as} 61. 2 Diez 81.3 41.6] 3 

4 4.0 63. 6 2ome 82.8 42. 6 02. 3 6202 222 82. 3 42. 6] 4 

5 5. 0 64.6} 124.2) 183.8 243.6) 303.3} 363.2) 423.2) 483.3) 543. 6) 5 

6 6.0 65. 6 AR) 84. 8 44.5 04. 3 64. 2 ph 2 84. 3 44.6] 6 

7 7.0 66. 6 26.2 85. 8 aye) 05. 3 65. 2 25. 2 85. 4 ASSO 4. 

8 7.9 67. 5 Dilne 86. 8 46. 5 06. 3 66. 2 2652 86. 4 46. 6f 8 

9 8.9 68. 5 28. 2 87. 8 47.5 07. 3 67. 2 Qag 87. 4 47. 61 9 
10 9. 9 69. 5} 129.2) 188.8) 248.5) 308.3) 368.2) 428.2) 488.4) 548. 7] 10 
11 10. 9 70. 5 30. 1 89. 8 49. 5 09. 3 69. 2 29. 2 89. 4 49. 7] 11 
12 11.9 tino Sul i 90. 8 50. 5 10. 3 70. 2 30. 2 90. 4 50. 7] 12 
13 12.9 (Ati Slip 91.8 51.5 ih} Hi 4 Sih, 74 91. 4 61. 7] 13 
14 13. 9 Too Sotel 92.8 §2. 5 tees (P22 SPL 92. 4 52. 7) 14 
15 14.9 TARO VS4eT Se T9Sh 825387 5)e Sl8nol oro2| etoone|) 640884 bbo8 MELO 
16 15. 9 COuO Son 94. 8 54.5 14. 3 74, 2 34. 2 94, 4 54. 71 16 
17 16. 9 76. 5 36. 1 95. 8 55. 5 ifs 83 15..2 Some 95. 4 55. 71 17 
18 H9 TEND Byhoal 96. 8 56. 5 16. 3 as? Sit 7) 96. 4 56. 71 18 
19 18. 9 13.5 38. 1 97. 8 57.5 WA 8 Milan, Site, 97. 4 57. 7] 19 
20 19. 9 79. 5| 189.1}| 198.8) 258.5) 318.3} 378.2]! 438.2} 498.4) 558. 7] 20 
21 20. 9 80. 5 40.1) 199.8 59. 5 19. 3 79. 2 39. 2} 499. 4 59. 7} 21 
22 21.9 81.5 41.1} 200. 7 60. 5 20. 3 80. 2 40. 2} 500. 4 60. 7] 22 
23 22.8 82. 4 wo) il 01. 7 61.5 PAIN Sile2 Alle, 01. 4 61. 7] 23 
24 23. 8 83. 4 43. 1 02. 7 625 2203 82. 2 AD} Do 02. 4 62. 7] 24 
25 24.8 84.4)" 144751) 203. 7| 263:5| 3238.3) 383.2) 443, 2) 50324)" 563) 8]) 25 
26 25.8 85. 4 45.1 04. 7 64. 5 2463 84. 2 44, 2 04. 4 64. 8] 26 
27 26. 8 86. 4 46.1 05. 7 65. 5 PAS, Sy, As, De 05. 4 65. 8] 27 
28 HSS 87. 4 47.0 06. 7 66. 5 26. 3 86. 2 46. 2 06. 4 66. 8] 28 
29 28. 8 88. 4 48. 0 07. 7 67. 5 Pf 83 87. 2 AWE 07. 4 67. 8] 29 
30 29.8 89.4) 149.0) 208.7) 268.5) 328.3) 388.2) 448.3) 508.4) 568. 81 30 
ol 30. 8 90. 4 50. 0 09. 7 69. 4 29. 3 89. 2 49. 3 09. 4 69. 8] 31 
32 31.8 91. 4 51. 0 10. 7 70. 4 30. 3 90. 2 50. 3 10. 5 70. 8] 32 
33 Sy4, ts 92. 4 52. 0 il eed Hie Slo 91.2 5153 Ia 71. 8} 33 
34 33. 8 93. 4 53. 0 12 7 72. 4 32.83 92. 2 5253 1205 72. 81 34 
35 34. 8 SYA AN SIG O) © aiB) A y 4) SBR Sieh 4 Gey ell AIRY Jay isle, El 
36 35. 8 95. 4 55,0 a 74.4 3453 94, 2 54.3 14.5 74. 8} 36 
Sith 36. 8 96. 4 56. 0 7 75. 4 By, Bs 95. 2 Spare Tas, 75. 8] 37 
38 BALL 97. 4 57.0 IG, 7 76. 4 36. 3 96. 2 56. 3 16. 5 76. 8} 38 
39 38. 7 98. 3 58. 0 Ani Tip Sie 97. 2 Br 3} ef 5) 77. 9 39 
40 39. 7 99. 3} 159.0} 218.7) 278.4) 338.3} 398.2) 458.3) 518.5) 578. 9) 40 
41 40.7; 100.3 60. 0 19. 7 79.4 39. 3! 399. 2 5953 19. 5 79. OF 41 
42 Ad 01.3 61. 0 20. 7 80. 4 40. 3| 400. 2 60. 3 20. 5 80. 9} 42 
43 AT, 02. 3 62. 0 216 81. 4 Ales 01. 2 GINS 21.5 81. 9} 43 
44 AS 03. 3 63. 0 22. 6 82. 4 A203 02. 2 62:3 22e5 82. OF 44 
45 AA Pa lO4n3| eats. 9|) 622520) s28en4 340. 2\— 403) 20 6463) 3) 25230.5|_ 083. 91n4o 
46 45.7 05. 3 64. 9 24. 6 84. 4 44, 2 04. 2 64. 3 24. 5 84. OF 46 
47 46. 7 06. 3 65. 9 25. 6 85. 4 45. 2 05. 2 65. 3 250 85. OF 47 
48 Aaah 07. 3 66. 9 26. 6 86. 4 46. 2 06. 2 66. 3 26. 5 86. OF 48 
49 48. 7 08. 3 67.9 27. 6 87. 4 AGE? 07. 2 67. 3 PAE 87. 9} 49 
50 49. 7| 109.3) 168.9] 228.6) 288.4) 348.2) 408.2) 468.3) 528.5) 588. 9} 50 
51 50. 7 10. 3 69. 9 29. 6 89. 4 49, 2 09. 2 69. 3 29. 5 90. O} 51 
52 Sil. ill, 83 70. 9 30. 6 90. 4 50. 2 10. 2 70. 3 30. 5 91. O} 52 
53 52. 6 IDS! 71.9 31. 6 91. 4 il, Y il, 2 Ne 31. 6 92. O} 53 
54 53. 6 16}, 77 72.9 32. 6 92. 4 ip, 2 WO) 9 (P43 32. 6 93. O1 54 
55 54, 6]. 114. 2) 173.9) 233.6) 293.4) 353.2) 413.2) 473.3) 533.6) 594. Of 55 
56 55,6 lisp 74.9 34. 6 94, 4 54. 2 14. 2 74. 3 34. 6 95. OF 56 
57 56. 6 16. 2 75.9 35. 6 95. 4 55. 2 15.2 15. 3 So 96. Of} 57 
58 SO Tiaee 76. 9 36. 6 96. 4 56. 2 16. 2 76. 3 36. 6 97. Of 58 
59 58. 6 18. 2 77.9 37. 6 97. 4 YK 4 1722 Uh 37. 6 98. OF 59 
60 59. 6/ 119.2] 178.9] 238.6] 298.4] 358.2) 418.2) 478.3) 538.6) 599. O} 60 
Lat. O02 1? 2° 3 4° be Ge Ue 8° 9° Lat 
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TABLE 5 
Meridional Parts 
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TABLE 5 
Meridional Parts 
Lat 
0 1217. 2} 1280. 9) 13845. 0} 1409. 5| 1474. 6) 1540. 2} 1606. 3) 1672. 9] 1740. 2) 1808.1] O 
1 18. 2 81.9 46. 0 10. 6 (hin Ul 41.3 07. 4 (aoe 41.4 09. 3} «1 
2 19. 3 83. 0 alge. il ae "eé 76. 8 42. 4 08. 5 75. 2 42.5 10. 4) 2 
3 20. 4 84. 1 48. 2 12.8 77.9 43. 4 09. 6 16.6 43. 6 11-76) 3 
4 21. 4 85. 1 49. 3 13. 9 78.9 44.5 10. 7 art, @ 44.7 Pd, eA | 2! 
5 1222. 5| 1286. 2) 1350. 3) 1414. 9) 1480. 0) 1545. 6) 1611. 8) 1678. 5) 1745. 9} 1813. 8] 5 
6 2320) 87. 2 51. 4 16. 0 81.1 46. 7 12.9 79. 6 47.0 LOO 6 
i 24. 6 88. 3 52.5 7 ae 82. 2 47.8 14. 0 80. 8 48. 1 Hey Ill | 7 
8 25. 6 89. 4 OSH 18. 2 83. 3 48.9 iltay. a 81. 9 49, 3 7h Bd fa fe} 
a 26. 7 90. 4 54. 6 19.3 84. 4 50. 0 16. 2 83. 0 50. 4 18.4) 9 
10 1227. 8} 1291. 5) 1355. 7/ 1420. 3} 1485. 5) 1551. 1) 1617. 3) 1684. 1) 1751. 5) 1819. 5) 10 
11 28. 8 92. 6 56. 8 214 86. 6 52. 2 18. 4 85. 2 52. 6 20. 7} 11 
12 29. 9 93. 6 57. 8 22e0 87.7 53. 3 19. 6 86. 4 53. 8 21. 8] 12 
ne 30. 9 94, 7 58. 9 2300 88. 8 54. 4 20. 7 87.5 54. 9 23. OF 13 
14 32. 0 95. 8 60. 0 2400 89. 8 a 21. 8 88. 6 56. 0 24. 1] 14 
1s 1233. 1| 1296. 8) 1361. 1) 1425. 8) 1490. 9) 1556. 6} 1622. 9} 1689. 7) 1757. 2) 1825. 2) 15 
16 34. 1 97.9 62. 1 26. 8 92. 0 Liye, Ve 24. 0 90. 8 58. 3 26. 4] 16 
U7 35. 2} 1299. 0 63. 2 27.9 93. 1 58. 8 25.01 91.9 59. 4 PA ti | ANCE 
18 36. 2} 1300. 0 64. 3 29. 0 94, 2 59. 9 26. 2 93. 1 60. 5 28. 7] 18 
19 37. 3 Orel 65. 4 30. 1 95. 3 61. 0 PH, 94, 2 GLE 29. 8| 19 
20 1238. 4| 1302. 2} 1366. 4| 1431. 2) 1496. 4) 1562. 1) 1628. 4) 1695. 3) 1762. 8) 1830. 9} 20 
21 89. 4 03. 2 67. 5 Beh 97. 5 63. 2 29. 5 96. 4 63. 9 SPF 1) PAL 
22 40. 5 04. 3 68. 6 BBh 3} 98. 6 64. 3 30. 6 97.5 65. 1 33.2) 22 
23 41.5 05. 4 69. 7 34. 4| 1499. 7 65. 4 31. 8 98. 7 66. 2 34. 41 23 
24 42.6 06. 4 70. 7 35. 5} 1500. 8 66. 5 32. 9) 1699. 8 67. 3 35. 5] 24 
25 1243. 7) 1307. 5) 1371. 8} 1436. 6) 1501. 8) 1567. 6) 1634. 0} 1700. 9} 1768. 5} 1836. 6] 25 
26 44,7 08. 6 72.9 =e Uh 02. 9 68. 7 35. 1 02. 0 69. 6 37. 8] 26 
Piph 45. 8 09. 6 74. 0 38. 7 04. 0 69. 8 36. 2 03. 1 70. 7 38. 9} 27 
28 46. 8 10. 7 75. 0 39. 8 05. 1 70. 9 Bich, 03 04. 3 71. 8 40. 1} 28 
29 47.9 Hub, 3) Com 40. 9 06. 2 72.0 38. 4 05. 4 73. 0 41. 2) 29 
30 1249. 0} 1312. 9} 1377. 2) 1442. 0} 1507. 3) 1573. 1) 1639. 5) 1706. 5| 1774. 1) 1842. 4) 30 
31 50. 0 13. 9 78. 8 43. 1 08. 4 Wane 40. 6 07. 6 75. 2\: 43. 5] 31 
32 ail aa 105s (0 79. 3 44, 2 09. 5 (Ess 41.8 08. 8 76. 4 44, 6] 32 
33 yd il 16. 1 80. 4 45,3 10. 6 76. 4 42.9 09. 9 U® 45. 8] 33 
34 53. 2 17.1 81.5 46. 3 iil, ¢ 77. 6 44.0 11.0 78. 6 46. 9} 34 
35 1254. 3) 1318. 2) 13882. 6] 1447. 4) 1512. 8) 1578. 7) 1645. 1) 1712. 1) 1779. 8} 1848, 1] 35 
36 55.-3 19. 3 Sour. 48. 5 13. 9 79. 8 46, 2 8}, 2 80. 9 49, 2] 36 
37 56. 4 20. 3 84, 7 49. 6 15.0 80. 9 47. 3 14. 4 82. 0 50. 4] 37 
38 ve, i 21.4 85. 8 50. 7 16. 1 82. 0 48. 4 15.5 83. 2 51. 5} 38 
39 58. 5 22. 5 86. 9 5178 17.1 83. 1 49, 5 16. 6 84. 3 52. 7] 39 
40 1259. 6) 1323. 5| 1388. 0} 1452. 8) 1518. 2) 1584. 2) 1650. 7) 1717. 7| 1785. 4) 18538. 8] 40 
41 60. 6 24, 6 89. 0 53. 9 19. 3 85. 3 51. 8 18. 9 86. 6 54, O} 41 
42 (Sil, 7% 25.7 90. 1 55. 0 20. 4 86. 4 52. 9 20. 0 87.7 56. 1] 42 
43 62. 8 26. 8 91. 2 5601 PAsle 8) 87. 5 54. 0 Pu al 88. 8 57. 2) 43 
44 63. 8 27.8 92. 3 Diao 22. 6 88. 6 Bond 2282 90. 0 58. 4] 44 
45 1264. 9} 1328. 9} 1393. 3} 1458. 3) 1523. 7| 1589. 7) 1656. 2) 1723. 4) 1791. 1) 1859. 5) 45 
46 66. 0 30. 0 94, 4 59. 4 24. 8 90. 8 57. 3 24. 5 92. 2 60. 7] 46 
47 67. 0 31.0 95. 5 60. 5 25. 9 91.9 58. 5 25.6 93. 4 61. 8] 47 
48 68. 1 32. 1 96. 6 61.5 27.0 93. 0 59. 6 26. 7 94.5 63. OF 48 
49 69. 1 Beh) 97. 7 62. 6 28. 1 94. 1 60. 7 27.9 95. 6 64. 1] 49 | 
50 1270. 2) 1834. 2) 1398. 7} 1463. 7| 1529. 2) 1595. 2) 1661. 8| 1729. 0} 1796. 8} 1865. 3} 50 
51 71,3 35. 3} 1399. 8 64. 8 30. 3 96. 3 62. 9 30. 1 97.9 66. 4} 51 
o2 122,33 36. 4) 1400. 9 65. 9 31. 4 97. 4 64. 0 31. 2) 1799. 1 67. 5} 52 
53 (eee ah & 02. 0 67. 0 32. 5 98. 5 65. 1 32. 4) 1800. 2 68. 7] 53 
54 74. 5 38. 5 03. 1 68. 1 33. 6| 1599. 6 66. 3 33.0 01. 3 69. 8} 54 
‘OD 1275. 5| 1339. 6) 1404. 1) 1469. 1) 1534. 7| 1600. 7| 1667. 4| 1734. 6) 1802. 5) 1871. Of 55 
56 76. 6 40. 7 05. 2 70. 2 35. 8 01. 8 68. 5 36. 7 03. 6 72. 1] 56 
57 7htk, Pf A 7 06. 3 ke 36. 9 02. 9 69. 6 36. 9 04. 7 73. 3] 57 
58 78. 7 42.8 07. 4 (PS, a 38. 0 04. 1 70. 7 38. 0 05. 9 74. 4) 58 
59 79. 8 43. 9 5 TBA 39. 1 05. 2 71.8 39. 1 07. 0 75. 61 59 
60 1280. 9) 1345. 0} 1409. 5) 1474. 6} 1540. 2} 1606. 3} 1672. 9} 1740. 2) 1808. 1) 1876. 7] 60 
Lat 20° ic 22° 232 24° 25° 26° Py 28° 29° | Lat 
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TABLE 5 


Meridional Parts 


Se 

© 

a 
See 
go 
aus 


~ 


CWNIBA PWNS 
CONIRPA PwnwRd > 


CONOO EOIN O]lODPWHIONTWNHIOWDRDENIEKFPONOWINOWOMDAPIWRONARPNOCONOWHOW RP WHOINDPRNO 
CWE ONO WH ONTO WH ONTO WH ONTOUWHONOUWHONOURNOODDHPNOCWDMI PN ONOWH ON ONWNOCW OHNO 


WON O!IRAWOWOUNOMDHLKH!OMNWONPNODWIHWOANOINBE ODI WE WOWIONEN OI ORR WOAWOOUN| OnNUMNO 


oo 
WEHODPNIONTN OD! WOWHO!IDENONOWH WAI PN ONOTUWEOMDPINONHTWIHWOOPNIONOWHIONERNO!]OORHO 
DPR OD PIF ONKEDN! OND O!]NOUN ON! OW OOOO WH ODWIH OD PHI ONENOINIOWOW!IOWHODPNONONOMOUW 
ON PRK ODIWEHWAWIDOWNWOININ ON PNONBPIN ONE ODPR OlLODPHE OD PHWORAWIHWDWHIOAWHOIDPH OD 


SOND! OONTOW!INOWDO BDH OWAAIWH OW! OPW OL DPWH! ODODE WIEHOWDDOUWRHOMAAIWNOWINGTWNS 
ONMIWEH OIL ENOWI ODRNONI AWHONN AWOWAPNOWA PN OWYWH ONO WHONOU WH ONO Wr ONTO WH ON 
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TABLE 5 
Meridional Parts 

Lat 40° 41° a2e 43° 44° 45° 46° 47° 48° 49° Lat 

0 2607. 7| 2686. 3} 2766. 1| 2847. 2} 2929. 6} 3013. 5) 3098. 8) 3185. 7) 3274. 2) 3364. 5) 0 

1 09. 0 87. 6 67.5 48. 6 Ik CG) 14. 9} 3100. 2 87. 1 C34 66. Of 1 

Z 11053 89. 0 68. 8 49. 9 32. 4 16u3 (Ole ¢ 88. 6 Tidiokad 67. 5} 2 

3 1.6 90. 3 70. 1 aS 3 33. 8 We tf 03. 1 90. 1 78. 7 69. 1} 3 

4 12. 9 91.6 if Rs) 52. 7 sone 19. 1 04. 5 91.5 80. 2 70. 6] 4 

5 2614. 2| 2692. 9) 2772. 8) 2854. 0} 2936. 6) 3020. 5) 3106. 0} 3193. 0) 3281. 7| 3372. 1] 5 

6 15S 94, 2 74. 2 55. 4 38. 0 RS) 07. 4 94.5 83. 2 73. 6f 6 

7 16. 8 95. 6 TOD 56. 8 39. 3 2303 08. 8 95. 9 84. 7 Ua Al |) 

8 18. 1 96. 9 76. 9 58. 1 40. 7 24. 8 1003 97. 4 86. 1 76. 7] 8 

9 19. 4 98. 2 (BX? 59. 5 42.1 265.2 11. 7} 3198. 8 87. 6 78. 2) 9 
10 2620. 7| 2699. 5) 2779. 5) 2860. 9} 2943. 5) 3027. 6] 3113. 2} 3200. 3) 3289. 1| 3379. 7] 10 
11 22. 0| 2700. 9 80. 9 62. 2 44,9 29. 0 14. 6 01. 8 90. 6 81. 2) 11 
12 23.3 02. 2 82. 2 63. 6 46. 3 30. 4 16. 0 03. 2 92. 1 82. 8] 12 
13 24. 6 03825 83. 6 65. 0 AE of 31.8 7) 04. 7 93. 6 84. 3} 13 
14 26. 0 04. 8 84. 9 66. 3 49. 1 SB 2 18. 9 06. 2 95. 1 85. 8 14 
15 2627. 3) 2706. 2} 2786. 3) 2867. 7) 2950. 5) 3034. 7; 3120. 4) 3207. 7) 3296. 6) 3387. 4] 15 
16 28. 6 07.5 87.6 69. 1 51. 8 36. 1 21.8 09. 1 98. 1 88. OF 16 
ly/ 29. 9 08. 8 89. 0 70. 4 BES, 37. 5 2202 10. 6| 3299. 6 90. 4] 17 
18 Bil ye 10. 1 90. 3 71.8 54. 6 38. 9 24. 7 12. 1} 3301. 1 91. 9) 18 
19 32, oO ila 91.7 Ten 56. 0 40. 3 26. 1! i153}, 02. 6 93. 5) 19 
20 2633. 8] 2712. 8} 2798. 0} 2874. 5| 2957. 4) 3041. 7| 3127. 6} 3215. 0} 3304. 1} 3395. O} 20 
ait 35. 1 zal 94, 4 75.9 58. 8 AS. 2 29. 0 16. 5 05. 6 96. 5} 21 
22 36. 4 15. 4 95. 7 Ue 60. 2 44, 6 3005 17. 9 07. 1 98. 1] 22 
23 ai eat 16. 8 97.1 78. 6 61. 6 46. 0 31. 9 19. 4 08. 6] 3399. 6] 23 
24 39. 0 18. 1 98. 4 80. 0 63. 0 47.4 aay Zi! 20. 9 10. 1| 3401. 1} 24 
25 2640. 3} 2719. 4| 2799. 8) 2881. 4) 2964. 4) 3048. 8] 3134. 8| 3222. 4) 3311. 6} 3402. 7} 25 
26 41.6 20. 7| 2801. 1 82.8 65. 8 50. 3 36. 2 23. 8 Beal 04. 2] 26 
27 42.9 2a 02. 5 84. 1 G7. 2 olen a Bie Uh DAs 14. 6 05. 7| 27 
28 44. 3 23. 4 03. 8 85. 5 68. 6 53.1 39. 1 26. 8 16. 1 07. 3) 28 
29 45. 6 24. 7 OE 86. 9 70. 0 54. 5 40. 6 28. 3 17. 6 08. 8} 29 
30 2646. 9| 2726. 1] 2806. 5) 2888. 2) 2971. 4) 3055. 9} 3142. 0| 3229. 7} 3319. 1] 3410. 3} 30 
31 48. 2 27. 4 07.9 89. 6 72.8 Die: 43. 5 Billy 20. 6 11. 9} 31 
32 49. 5 28. 7 09. 2 91.0 ee 58. 8 44.9 BPA 7 22, 1 13. 4]| 32 
33 50. 8 3104 10. 6 92. 4 75. 6 60. 2 46. 4 34. 2 23. 6 14, 9} 33 
34 52. 1 31.4 11.9 93. 7 77.0 61. 6 47.8 Bia) (6 PAR 16. 5) 34 
35 2653. 4| 2732. 7| 2813. 3} 2895. 1| 2978. 4| 3063. 1| 3149. 3} 3237. 1| 3326. 7} 3418. Of 35 
36 54. 7 aya 14. 6 96. 5 79.8 64. 5 NOM Gf 38. 6 28. 2 19. 5] 36 
Bf 56. 0 35. 4 16. 0 97.9 Sil, W 65. 9 GOR 9 40. 1 29. 7 DANN All | 3h 
38 57. 4 36. 7 17. 3} 2899. 3 82. 6 67. 3 53. 6 41.6 Bily Be 22. 6 38 
39 58. 7 38. 1 18. 7| 2900. 6 84. 0 68. 8 55. 1 43. 0 BI Tl 24, 2) 39 
40 2660. 0) 2739. 4| 2820. 0] 2902. 0) 2985. 4) 3070. 2} 3156. 5| 3244. 5) 3334. 2) 3425. 7] 40 
41 61. 3 40. 7 21,4 03. 4 86. 8 71.6 58. 0 46. 0 35. 7 27. 2) 41 
42 62. 6 AP 22) 7 04. 8 88. 2 73. 0 59. 4 AT. 5 37. 2 28. 8} 42 
43 63. 9 43. 4 24.1 06. 1 89. 6 74. 5 60. 9 49. 0 38. 7 30. 3} 43 
44 65. 2 44.7 DAS, 07.5 91. 0 75.9 62. 3 50. 4 40. 2 31. 9} 44 
45 2666. 6| 2746. 1) 2826. 8| 2908. 9] 2992. 4! 3077. 3} 3163. 8] 3251. 9) 3341. 8} 3433. 4] 45 
46 67. 9 47. 4 28. 2 10. 3 93. 8 78. 7 65. 3 Sar 4 A188} 35. O} 46 
47 69. 2 48.7 29. 5 wey 7 95. 2 80. 2 66. 7 54. 9 44. 8 36. 5} 47 
48 70. 5 50. 1 30. 9 13. 0 96. 6 81. 6 68. 2 56. 4 46. 3 38. O| 48 
49 Wales Dil. 4 32. 2 14. 4 98. 0 83. 0 69. 6 57. 9 47.8 39. 6] 49 
50 2673. 1| 2752. 7| 2833. 6| 2915. 8] 2999. 4) 3084. 5| 3171. 1) 3259. 3) 3349. 3) 3441. 1] 50 
onl (4.5 54. 1 35. 0 17. 2} 3000. 8 85. 9 OAL 60. 8 50. 8 42. 7] 51 
52 75. 8 55. 4 A 18. 6 02. 2 87. 3 74. 0 62. 3 Don: 44, 2 52 
53 ihe 56. 8 Bk a 19. 9 03. 6 88. 8 oD 63. 8 53. 9 45, 8} 53 
54 78. 4 58. 1 39. 0 AL BF 05. 0 90. 2 76. 9 65. 3 5b, 4 47, 3] 54 
55 2679. 7| 2759. 4) 2840. 4| 2922. 7/ 3006. 4) 3091. 6] 3178. 4) 3266. 8) 3356. 9} 3448. 9 55 
56 81. 0 60. 8 41.8 Dawei 07. 8 93. 1 79. 8 68. 3 58. 4 50. 4] 56 
57 82. 4 62. 1 BBY il 25. 5 09. 2 94. 5 813 69. 7 59. 9 52. O] 57 
58 83. 7 63. 4 44.5 26. 9 10. 6 95. 9 82. 8 fl, 72 61.5 53. 5) 58 
59 85. 0 64. 8 45. 8 28. 2 1, al 97. 4 84. 2 (2% VE 63. 0 55. 1} 59 
60 2686. 3| 2766. 1| 2847. 2} 2929. 6] 3013. 5| 3098. 8| 3185. 7| 3274. 2) 3364. 5) 3456. 67 60 
Lat. 40° 41° 42° 43° 44° Ane 46° ag? 48° 49° Lat. 
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TABLE 5 
Meridional Parts 
Lat 50° Hille 52 532 54° Dog 56° Oa 58° 59° Lat. 
0 3456. 6| 3550. 7| 3646. 8| 3745. 2} 3845. 8) 3948. 9) 4054. 6} 4163. 1) 4274. 5) 4389. 2] 0 
1 Sie 5255 48.5 46. 8 47.5 50. 6 56. 4 64. 9 76. 4 Orie 
2 59. 7 53. 9 50. 1 48. 5 49, 2 iy), a 58. 2 66. 7 78. 3 93. Of 2 
3 61. 3 55. 5 Oe 7) 50. 1 50. 9 54. 1 59. 9 68. 6 80. 2 95. 0] 3 
4 62. 8 a0 ey 51. 8 52. 6 55. 8 Gila 70. 4 82. 1 96. 9} 4 
5 3464. 4) 3558. 6} 3654. 9} 3753. 4) 3854. 3} 3957. 6| 4063. 5| 4172. 2) 4284. 0} 4398. 97 5 
6 65. 9 60. 2 56. 6 isa al 56. 0 59. 3 65. 3 Aw 85. 8| 4400. 8} 6 
7 67.5 61. 8 58. 2 56. 8 Bilt Gila al Gia 75.9 Silat 02. 8] 7 
8 69. 1 63. 4 59. 8 58. 4 59. 4 62. 8 68. 9 77.8 89. 6 04. 7] 8 
9 70. 6 65. 0 61. 4 60. 1 61.1 64. 6 70. 7 79. 6 91.5 06. 6 9 
10 3472. 2} 3566. 6| 3663. 1} 3761. 8} 3862. 8} 3966. 3} 4072. 5| 4181. 4 4293. 4) 4408. 6] 10 
al Moai 68. 2 64. 7 63. 4 64. 5 68. 1 1k, B 83. 3 95. 3 10. 5} 11 
12 UE 69. 8 66. 3 65. 1 66. 2 69. 8 76. 1 85. 1 97. 2 1945 dal | 192 
13 76.8 sles 67. 9 66. 8 67. 9 TAL. 6 77. 8 87. 0} 4299. 1 14. 4] 13 
14 78. 4 72.9 69. 6 68. 4 69. 6 (she 79. 6 88. 8} 4301. 0 16. 4) 14 
15 3480. 0} 3574. 5| 3671. 2) 3770. 1) 3871. 3) 3975. 1) 4081. 4) 4190. 7) 4302. 9} 4418. 3] 15 
16 81.5 76. 1 72.8 71.8 73. 0 76.8 83. 2 92.5 04. 8 20. 3] 16 
ile 83. 1 ith tb WA. SD Tek a 1k 9 78. 6 85. 0 94. 3 06. 7 DLA! lp 
18 84. 6 79. 3 76. 1 ool 76. 4 80. 3 86. 8 96. 2 08. 6 24. 21 18 
19 86. 2 80. 9 Wee 76. 8 78. 2 82.1 88. 6 98. 0 10. 5 26. 2) 19 
20 3487. 8| 3582. 5| 3679. 4) 3778. 4| 3879. 9} 3983. 8} 4090. 4) 4199. 9} 4312. 4) 4428. 1] 20 
21 89.3 84. 1 81.0 80. 1 81. 6 85. 6 O2e2 F420Nen7 14.3 BOs Ty) Pall 
22 90. 9 Sot 82. 6 81. 8 Sono 87. 3 94. 0 03. 6 16. 2 32. O] 22 
2433 92. 4 87. 3 84. 3 83. 4 85. 0 89. 1 95. 8 05. 4 18. 1 3A. Of 23 
24 94. 0 88. 9 85. 9 85. 1 86. 7 90. 8 97. 6 Owes 20. 0 35. OF 24 
25 3495. 6} 3590. 5| 3687. 5| 3786. 8) 3888. 4) 3992. 6) 4099. 4) 4209. 1) 4321. 9} 4437. 97 25 
26 97. 1 92.1 89. 2 88. 5 90. 1 94. 4| 4101. 2 iO 2358 39. Of 26 
27 3498. 7 93. 7 90. 8 90. 1 91.9 96. 1 03. 0 12. 9 PAS, Th 41. 8] 27 
28 3500. 3 95. 3 92. 4 91.8 93. 6 97. 9 04. 9 14. 7 QHeaLG 43. 8] 28 
29 01. 8 96. 9 94. 1 93. 5 95. 3} 3999. 6 06. 7 16. 6 29. 5 45. 8} 29 
30 3503. 4) 3598. 5| 3695. 7) 3795. 2) 3897. 0) 4001. 4) 4108. 5) 4218. 4) 4331. 4) 4447. 7] 30 
31 05. 0} 3600. 1 97. 3 96. 8) 3898. 7 Bk 10. 3 20. 3 wows 49. 7] 31 
32 06. 5 01. 7| 3699. 0) 3798. 5) 3900. 5 04. 9 121 2251 Any 8 sls ¢d | ae? 
33 08. 1 03. 3} 3700. 6} 3800. 2 0252 06. 7 13. 9 24. 0 Bel, G4 53. 6f 33 
34 09. 7 04. 9 02. 3 01.9 03. 9 08. 4 aa 25. 9 39. 1 55. 6f 34 
35 3511. 3) 3606. 5) 3703. 9] 3803. 6} 3905. 6} 4010. 2} 4117. 5| 4227. 7) 4341. 0) 4457. 6F 35 
36 12.8 08. 1 05. 6 05. 2 07. 3 12. 0 19. 3 29. 6 42.9 59. 6] 36 
Be 14. 4 09. 7 07. 2 06. 9 09. 1 13% ¢/ Pilea Bale! 44.8 61. 5] 37 
38 16. 0 ih, 83 08. 8 08. 6 10. 8 15.5 23. 0 Bono 46. 7 63. 5] 38 
39 ee te 12. 9 1005 1053 1H 5) 75 3, 24. 8 Bone: 48. 7 65. 5t 39 
40 3519. 1) 3614. 6) 3712. 1] 3812. 0] 3914. 2} 4019. 0} 4126. 6| 4237. 0) 4350. 6| 4467. 5f 40 
4] 20. 7 16. 2 13. 8 tad 16. 0 20. 8 28. 4 38. 9 52ao 69. 45 41 
42 2253 WS ie: ish Be WG. 7, 22. 6 StI) 40. 8 54. 4 71. 4} 42 
43 23. 8 19. 4 Vf a 17.0 19. 4 24. 4 32.0 42.6 56. 3 73. 41 43 
44 25. 4 20 18. 7 18. 7 PAY il 26. 1 33. 9 44.5 58. 3 75. 4) 44 
45 3527. 0} 3622. 6} 3720. 4| 3820. 4) 3922. 9) 4027. 9) 4135. 7) 4246. 4) 4360. 2) 4477. 3} 45 
46 28. 6 PYk Dy 2270 PP), il 24. 6 29. 7 37k 48. 2 62. 1 79. 31 46 
47 30. 1 25. 8 Py Taf 23. 8 26. 3 ot. 5 39. 3 50. 1 64. 0 81. 3] 47 
48 Ble of Pye, oe 25.3 2505 28a aoh Y 41.1 52. 0 66. 0 83. 3] 48 
49 33h 8} 29. 0 Prk 27. 2 29. 8 35. 0 43. 0 53. 9 67. 9 85. 31 49 
50 3534. 9] 3630. 7| 3728. 6) 3828. 8} 3931. 5| 4036. 8! 4144. 8} 4255. 7) 4369. 8} 4487. 3] 50 
51 36. 5 32.3 30. 3 30. 5 By 2 38. 6 46. 6 TK) 1.8 89. 3} 51 
52 38. 0 33. 9 Shi. 8) Dae 35. 0 40. 3 48. 4 59. 5 Woh ¢ 91. 2] 52 
53 39. 6 35.5 33. 6 33. 9 XS, 7 AO} Al 50. 3 61. 4 75. 6 ORY | is 
54 Ale? BiviGell Sia, 35. 6 38. 5 43.9 52a 63. 2 TES 95. 2] 54 
Bo) 3542. 8] 3638. 7) 3736. 9| 3837. 3| 3940. 2) 4045. 7) 4153. 9| 4265. 1) 4379. 5) 4497. 2] 55 
56 44, 4 40. 4 38. 5 39. 0 41.9 Aco 5S 67. 0 81. 4| 4499. 2) 56 
57 45. 9 42.0 40. 2 40.7 AB 7, 49, 2 bi6 68. 9 83. 4| 4501. 2] 57 
58 47.5 43. 6 41.8 aly Zh 45. 4 51.0 59. 4 70. 8 85. 3 03. 2] 58 
59 49.1 by D4 43.5 44.1 “706 Al 52. 8 Gly2 72. 6 S722 05. 2] 59 
60 3550. 7) 3646. 8} 3745. 2} 3845. 8] 3948. 9) 4054. 6) 4163. 1| 4274. 5) 4389. 2) 4507. 2] 60 
Lat 50° le pe 532 54° 55° 56° Sie 58° 59° Lat. 
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TABLE 5 
Meridional Parts 

Lat. 60° 61° 62° 63° 64° 65° 66° 67° 68° 69° Lat 

0 4507. 2| 4628. 8) 4754. 4) 4884. 2) 5018. 5) 5157. 7| 5302. 2) 5452. 5| 5609. 2} 5772. 81 O 

1 09. 2 30. 9 56. 5 86. 4 2007 60. 0 04. 7 bork 11.9 75. 6} 1 

2 Ie? 33. 0 58. 7 88. 6 23. 0 62. 4 07. 1 Vee 14.5 78.4) 2 

a 13. 2 30. 0 60. 8 90. 8 25.3 64. 8 09. 6 60. 2 Wi 2 S152) #3 

4 NS. 2 Ali 62. 9 93. 0 27. 6 Gia ile 62. 8 19. 9 84, OF 4 

5 4517. 2) 4639. 1) 4765. 0} 4895. 2} 5029. 9} 5169. 5} 5314. 5) 5465. 4) 5622. 6] 5786. 8] 5 

6 19. 2 Aly 2 Gia 97. 4 SPA Oy 71.9 17. 0 67.9 25. 2 89. 6 6 

if Zileee 43. 3 69. 3} 4899. 6 34.5 74. 3 19. 4 70. 5 27.9 92.4) 7 

8 23-2 HN, GS 71. 5} 4901. 8 30.4 76. 6 21.9 73. 1 30. 6 95.2) 8 

9 25.2 47.4 73. 6 04. 0 39. 0 79. 0 24. 4 75. 6 33. 3} 5798. OF 9 
10 4527. 2} 4649. 5) 4775. 7) 4906. 2) 5041. 3) 5181. 4) 5326. 9] 5478. 2) 5636. 0} 5800. 10 
11 29. 2 Sleate hee 08. 4 43. 6 83. 8 29. 3 80. 8 38. 7 03. 11 
14 Slee 53. 6 80. 0 10. 7 45. 9 86. 1 31.8 83. 4 41.3 06. 12 
13 33. 2 oe a 82. 1 12. 9 48. 2 88. 5 34. 3 85. 9 44.0 09. 13 
14 30. 2 57.8 84. 3 15. 1 50. 5 90. 9 36. 8 88. 5 46. 7 IPs 14 
15 4537. 2} 4659. 9| 4786. 4| 4917. 3) 5052. 8) 5193. 3} 5339. 2| 5491. 1) 5649. 4) 5814. 15 
16 39. 3 61. 9 88. 6 19.5 bd. OS ay Alt 93. 7 YA, il lve 16 
17 41.3 64. 0 90. 7 21.7 57. 4] 5198. 1 44.2 96. 3 54. 8 20. kg 
18 43. 3 66. 1 92. 9 24. 0 59. 7| 5200. 5 46. 7| 5498. 9 VG bs 2B 18 
19 45. 3 68. 2 95. 0 26. 2 62. 0 02. 9 49. 2} 5501. 4 60. 2 26. 19 
20 4547. 3} 4670. 2) 4797. 2} 4928. 4) 5064. 3} 5205. 2} 5351. 7| 5504. 0) 5662. 9} 5829. 20 
21 49. 3 72. 3) 4799. 3 30. 6 66. 6 07. 6 54. 1 06. 6 65. 6 Sil 21 
22 ble 74. 4| 4801. 5 32. 9 68. 9 10. 0 56. 6 09. 2 68. 3 34. 22 
23 53. 4 16.5) #803: 6 ayy Helene, 12. 4 59. 1 11.8 7flleel 37. 5 23 
24 55. 4 78. 6 05. 8 Siero one 14. 8 61. 6 14. 4 73. 8 40. 24 
25 4557. 4| 4680. 7| 4807. 9} 4939. 6} 5075. 9| 5217. 2} 5364. 1) 5517. 0} 5676. 5) 5843. 2] 25 
26 59. 4 82.8 10. 1 41.8 78. 2 19. 6 66. 6 19. 6 79. 2 46. 26 
27 GIES 84. 8 WPA a 44.0 80. 5 22. 0 69. 1 DP. Dd 81.9 48. 8] 27 
28 63. 5 86. 9 14. 4 46. 3 82.8 24. 4 71.6 24. 8 84. 6 ile 28 
29 65. 5 89. 0 16. 6 48. 5 85. 1 26. 8 (esa PHT, 87. 4 54. 29 
30 4567. 5) 4691. 1} 4818. 7| 4950. 7| 5087. 4) 5229. 3) 5376. 6) 5530. 0} 5690. 1! 5857. 47 30 
mil 69. 6 93. 2 20. 9 53. 0 89. 8 Bil, 76 79. 1 Sy 92. 8 60. 3} 31 
32 71.6 95. 3 Pash. ih Nay 7] 92. 1 34, I 81. 6 35. 3 95. 5 63. 1} 32 
35 73. 6 97. 4 25. 2 ie 2! 94. 4 36. 5 84. 1 37. 9| 5698. 3 66. 33 
34 75. 7| 4699. 5 27.4 59. 7 96. 7 38. 9 86. 7 40. 5} 5701. 0 68. 8} 34 
35 4577. 7| 4701. 6) 4829. 6) 4961. 9) 5099. 1) 5241. 3) 5389. 2) 5543. 1) 5703. 7) 5871. 35 
36 79. 7 03. 7 Sled 64. 2} 5101. 4 Ae th 91.7 ANY, 1 06. 5 74. 36 
37 81. 8 05. 8 33. 9 66. 4 O30 46. 2 94, 2 48. 4 09. 2 77. 4 37 
38 83. 8 07.9 36. 1 68. 7 06. 0 48. 6 96. 7 51. 0 1270 80. 3} 38 
39 85. 8 10. 0 38. 3 70. 9 08. 4 51. 0} 5399. 2 53. 6 14. 7 83. 2} 39 
40 4587. 9] 4712. 1| 4840. 4) 4973. 2} 5110. 7| 5253. 4) 5401. 8) 5556. 2) 5717. 5) 5886. 0} 40 
41 89. 9 1452 42.6 75. 4 13. 0 55. 8 04. 3 58. 9 20. 2 88. 9} 41 
42 91.9 16. 3 44.8 ite 1! iy 2! Dome 06. 8 Gio 22. 9 91. 8] 42 
43 94. 0 18. 4 47.0 79.9 ive 4 60. 7 09. 3 64. 1 DAS 7 94. 43 
44 96. 0 20. 5 49. 1 $252 20. 1 63 1 1.9 66. 8 28. 5| 5897. 6] 44 
45 4598. 1| 4722. 6) 4851. 3| 4984. 4| 5122. 4) 5265. 6) 5414. 4) 5569. 4) 5731. 2} 5900. 4] 45 
46 4600. 1 PHL eh 86. 7 24% 68. 0 16. 9 (7% Al 34. 0 03. 46 
47 02. 2 26. 8 Ry 7 89. 0 >i fam 70. 4 19.5 74. 7 36. 7 06. 2] 47 
48 04. 2 29. 0 57.9 91. 2 29. 4 72.9 22,0 Wes 39. 5 09. 1f 48 
49 06. 3 Bile il 60. 0 93. 5 Buh fs Mone 24. 5 80. 0 42.3 12. O} 49 
50 4608. 3| 4733. 2) 4862. 2) 4995. 8} 5134. 1] 5277. 7| 5427. 1) 5582. 6} 5745. 0} 5914. 50 
oil HORS Si 3) 64. 4| 4998. 0 36. 5 80. 2 29. 6 85.3 47.8 Ug 51 
52 124! 37. 4 66. 6} 5000. 3 38. 8 82. 6 Sy, I 87.9 50. 6 20. 52 
53 14. 4 39. 5 68. 8 02. 6 “bil Fe Sond 34. 7 90. 6 aE 23: 53 
54 16. 5 41.7 lex) 04. 8 43. 5 87. 5 Bis ¥ 93. 2 56. 1 26. 54 
55 4618. 6| 4743. 8| 4873. 2} 5007. 1] 5145. 9} 5290. 0| 5439. 8] 5595. 9} 5758. 9} 5929. 55 
56 20. 6 45. 9 75. 4 09. 4 48. 2 92. 4 42. 3) 5598. 5 61. 7 om 56 
57 225i 48. 0 77. 6 11. 6 50. 6 94. 9 44, 9} 5601. 2 64. 4 35. 57 
58 PYM Y/ 50. 1 79. 8 13. 9 53. 0 97.3 47. 4 03. 9 Giane 38. 58 
59 26. 8 62.3 82. 0 16. 2 55. 3) 5299. 8 50. 0 06. 5 70. 0 41. 59 
60 4628. 8| 4754. 4| 4884. 2} 5018. 5) 5157. 7| 5302. 2} 5452. 5| 5609. 2) 5772. 8) 5944 60 
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TABLE 5 
Meridional Parts 
Lat 70° ae (DE ee 74° iow 76° ale 78° 79° Lat. 
0 5944. 0} 6123. 7| 6312. 7) 6512. 1) 6723. 3} 6947. 8) 7187. 4| 7444. 5| 7721. 8) 8022.8) 0 
1 46. 9 26. 7 15. 9 1h 27.0 ola 91.6 48.9 26. 6 PR if al 
2 49.9 29. 8 19. 1 19. 0 30. 6 iss, 13) 95. 7 53, 4 31.4 BB ll 
3 52. 8 32. 9 22. 4 22. 4 34. 2 59. 4| 7199. 9 57. 8 36. 2 38. 6F 3 
4 55. 7 36. 0 25. 6 25. 8 37.9 63. 3| 7204. 0 62. 3 41.0 43. 8} 4 
5 5958. 6) 6139. 0} 6328. 9} 6529. 3} 6741. 5| 6967. 2} 7208. 2) 7466. 8} 7745. 9) 8049. 1} 5 
6 61. 6 Ant S20 RP 7 45. 2 ale, 1 1253: 7A. 2 50.7 54.47 6 
a 64. 5 45. 2 35. 4 36. 1 48. 8 75. 0 16. 5 (as 10 ies (C SO) A ee 
8 67. 5 48. 3 38. 6 39. 6 Ber 53 78. 8 PAU), 7 80. 2 60. 4 65.0) 8 
9 70. 4 51.4 41.9 43. 0 56. 1 82. 7 24. 8 84. 7 65.3 70. 3] 9 
10 5973. 3} 6154. 5) 6345. 1| 6546. 5| 6759. 8] 6986. 6) 7229. 0} 7489. 2) 7770. 2} 8075. 6| 10 
i 76. 3 57. 6 48. 4 49.9 63. 4 90. 6 B3n2 93. 7 (on0 80. OF 11 
12 79. 2 60. 7 il, Vi 53. 4 67. 1 94. 5 37. 4| 7498. 2 79.9 86. 3} 12 
13 82. 2 63. 8 55. 0 56. 8 70. 8} 6998. 4 41. 6} 7502. 7 84. 8 91. 6f 13 
14 85. 1 66. 9 58. 2 60. 3 74. 5| 7002. 3 45. 8 07. 3 89. 7) 8096. 9F 14 
15 5988. 1| 6170. 0} 6361. 5| 6563. 8} 6778. 1) 7006. 2} 7250. 0} 7511. 8) 7794. 6} 8102. 3} 15 
16 91.1 (ene 64. 8 67. 2 81.8 10. 2 54,2 16. 3) 7799. 5 07. 7] 16 
ile 94.0 76. 2 68. 1 70. 7 85. 5 140 58. 4 20. 9| 7804. 5 13. Of 17 
18 97. 0 79. 3 71, 4 VAgZ 89. 2 18. 0 62. 6 25. 4 09. 4 18. 4] 18 
19 5999. 9 82. 4 74. 6 Helo th 92.9 22. 0 66. 8 29.9 143 23. & 19 
20 6002. 9} 6185. 6} 6377. 9} 6581. 2) 6796. 6| 7025. 9| 7271. 1) 7534. 5) 7819. 3} 8129. 2] 20 
Dil 05. 9 88. 7 Siz 84. 6] 6800. 3 29.9 ons ayy al 24. 2 34. 6] 21 
22 08. 9 91.8 84.5 88. 1 04. 0 33h ke} io, Gs 43. 6 29. 2 40. Of 22 
23 11.8 94.9 87. 8 91. 6 ve ¥¢ 37. 8 83. 8 48. 2 34 45. 4} 23 
24 14. 8} 6198. 1 91.1 95. 1 iil, 4 Aa 88. 0 52. 8 39. 1 50. 9} 24 
25 6017. 8) 6201. 2} 6394. 4 6598. 6] 6815. 2} 7045. 7| 7292. 3) 7557. 4| 7844. 1} 8156. 3} 25 
26 20. 8 04. 3} 6397. 7| 6602. 1 18. 9 49. 7| 7296. 5 62. 0 49. 1 61. 8} 26 
2 23. 8 07. 5} 6401. 1 05. 6 22. 6 53. 6| 7300. 8 66. 6 54. 0 67. 2 27 
28 26. 7 10. 6 04. 4 09. 1 26. 3 57. 6 05. 1 Al, #4 59. 0 72. 7] 28 
29 29. 7 13. 8 07.7 127, S001 61. 6 09. 3 75. 8 64. 0 78. 2) 29 
30 6032. 7) 6216. 9} 6411. 0} 6616. 2) 6833. 8| 7065. 6) 7313. 6) 7580. 4] 7869. 1} 8183. 6] 30 
ail by, (7 20. 1 14, 3 19. 7 SO 69. 6 17.9 85. 0 74. 1 89. 1} 31 
32 38. 7 DRY. Ve 1, “@ 23:2 41. 3 73. 6 222 89. 6 79. i} 8194. 6] 32 
30 AUN, 7 26. 4 21. 0 26. 7 45. 0 UTE 26. 5 94. 3 84. 1} 8200. 1] 33 
34 44.7 29.5 DANS 30. 3 48.8 81. 6 30. 8} 7598. 9 89. 2 05. 7] 34 
35 6047. 7) 6232. 7| 6427. 7| 6633. 8} 6852. 6| 7085. 6) 7335. 1| 7603. 6] 7894. 2} 8211. 2] 35 
36 HOW a 35. 9 31.0 Sipe 56. 3 89. 6 39. 4 08. 2} 7899. 3 16. 7] 36 
37 iS, ff 39. 0 34. 4 40. 9 60. 1 93. 7 Ao. i 12. 9} 7904. 3 22. 3] 37 
38 56. 8 ADS. B70, te 44. 4 63. 9| 7097. 7 48. 0 ee 09. 4 27. 8| 38 
39 59. 8 45. 4 41.0 48. 0 67. 6} 7101. 7 52. 4 OPA, BP 14.5 33. 4] 39 
40 6062. 8) 6248. 6} 6444. 4] 6651. 5| 6871. 4| 7105. 8) 7356. 7| 7626. 9) 7919. 6} 8238. 9} 40 
41 65. 8 Sle 7 47.8 Bs Al wone 09. 8 61. 0 31. 6 24.7 44. 5] 41 
42 68. 8 54. 9 ie a 58. 6 79. 0 13. 8 65. 4 36. 3 29. 7 50. if 42 
43 less} 58. 1 54. 5 62. 2 82.8 17.9 69. 7 41.0 34.9 55. 7] 43 
44 74.9 6S S76 fe! 65. 8 86. 6 21.9 74. 1 45. 7 40. 0 61. 3] 44 
45 6077. 9| 6264. 5| 6461. 2) 6669. 3) 6890. 4) 7126. 0} 7378. 4) 7650. 4) 7945. 1] 8266. 9} 45 
46 80. 9 (ya 7 64. 6 72.9 94, 2 30. 1 82.8 lay i 50. 2 72. 51 46 
47 84. 0 70.9 68. 0 76. 5| 6898. 0 34. 1 87. 2 59. 8 55. 4 78. 2) 47 
48 87. 0 74, 1 7b, 8 80. 1} 6901. 8 38. 2 91.6 64. 5 60. 5 83. 8] 48 
49 90. 0 Olle & 74.7 83. 7 05. 6 42. 3] 7395. 9 69. 3 65. 6 89. 5] 49 
50 6093. 1) 6280. 5| 6478. 1} 6687. 3} 6909. 4| 7146. 4| 7400. 3) 7674. 0| 7970. 8} 8295. 1] 50 
ai 96. 1 83. 7 81.5 90. 8 IB} 50. 4 04. 7 78. 7 76. 0} 8300. 8} 51 
52 6099. 2 86. 9 84.9 94. 4 17. 1 54. 5 09. 1 83. 5 81.1 06. 5} 52 
53 6102. 2 90. 1 88. 3} 6698. 0 20. 9 58. 6 13. 5 88. 3 86. 3 125.21 53 
54 05. 3 92. 3 91. 7} 6701. 6 24.7 62. 7 7, Ol OBE 0) OS 17. 9} 54 
do 6108. 3} 6296. 5| 6495. 1| 6705. 2} 6928. 6] 7166. 8) 7422. 3} 7697. 8| 7996. 7| 8323. 6] 55 
56 11. 4} 6299. 8} 6498. 5 08. 9 32. 4 “1. O 26. 8| 7702. 6) 8001.9 29. 3] 56 
iat 14. 5} 6303. 0} 6501. 9 1255 36. 2 75. 1 Slee 07. 4 07. 1 35. OF 57 
58 17. 5 06. 2 05. 3 1652 40. 1 7S, @ 35. 6 1252 12. 4 40. 7] 58 
59 20. 6 09. 4 08. 7 19.7 44.0 83. 3 40. 0 17. 0 17. 6 46. 5} 59 
60 6123. 7} 6312. 7} 6512. 1} 6723. 3} 6947. 8} 7187. 4| 7444. 5| 7721. 8} 8022. 8) 8352. 60 
Lat 70° VES C2 ee jek Gor 76° te 78° 79° Lat 
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TABLE 5 
Meridional Parts 
Lat. 80° S18 82° 83° 84° 85° 86° 87° 88° Lat. 
0 8352. 2} 8716. 0} 9122. 4) 9582. 7/10113. 7/10741. 4/11509. 3/12498. 8/13893. 1 0 
1 58. 0 22. 4 29. 6 90.9) 128.3) 752.9) 523.6) 518.0} 921.9 1 
2 63. 8 28. 8 36. 8) 9599. 1; 1382.9} 764.4) 538.0] 537.2) 950.9 2 
3 69. 5 35.3 44. 0) 9607. 4) 142.5) 776.0) 552.5) 556. 6/13980. 2 3 
4 Toa 41.7 SR, 15. 6} 152. 2) 787.6) 567.1) 576. 1/14009. 7 4 
5 8381.1} 8748. 1} 9158. 5) 9623. 9/10161. 9}10799. 2/11581. 7/12595. 7/14039. 5 5 
6 86. 9 54. 6 65. 7 32.3} 171.6) 810.9} 596.4) 615.4) 069.5 6 
7 92.8 i al Gey il) 40. 6} 181.3) 822.6) 611.1] 635.2) 099.8 i 
8 8398. 6 Ova 80. 3 48.9} 191.1) 834.4! 625.9) 655.2) 1380.3 8 
9 8404. 4 74. 0 87. 6 57. 3} 200.9} 846. 2} 640.7) 675.2} 161. 2 9 
10 8410. 3) 8780. 5} 9195. 0} 9665. 7/10210. 7/10858. 1)11655. 7|/12695. 4/14192. 3 10 
11 16. 1 87. 1| 9202. 3 (4 Uiee220) 6) e870) 0) S6L087> 7ibaaie 122357, ital 
iy 22. 0| 8793. 6 09. 7 82:6) 230: 4) 881.9) “685. 7| 736. 1 255. 4 12 
13 27. 9} 8800. 1 17.0 91.0; 240.3} 893.9) 700.8) 756.6) 287. 4 13 
14 33. 8 06. 7 24, 4) 9699. 5) 250. 3) 905.9) 716.0} 777.3) 319.7 14 
15 8439. 7} 88138. 2) 9231. 8) 9708. 0)10260. 2}10917. 9)11731. 3/12798. 1/14352. 2 15 
16 45. 6 19. 8 39. 3 16. 5| 270.2) 930.0) 746.6} 819.0} 385. 2 16 
17 Dl 26. 4 46. 7 25. 0| 280. 3} 942.2) 762.0) 840.0) 418. 4 Ly, 
18 57. 4 33. 0 54.22 33. 6] 290.3] 954.3) 777. 5| 861.2) 451.9 18 
19 63. 4 39. 6 61. 6 42.2) 300.4) 966.6) 793.0) 882.5} 485.8 19 
20 8469. 3) 8846. 3) 9269. 1] 9750. 8/10310. 5|10978. 811808. 6/12903. 9)/14520. 0 20 
ih Thay 3} 52.9 76. 6 59. 4| 320. 7/10991. 2} 824.3) 925.4) 554.6 PA 
22 81.3 59. 6 84. 1 68. 0} 330. 811003. 5} 840.0) 947.1) 589.5 22 
23 87. 2 66. 2 91.7 76. 7| 341.0} 015.9} 855.8) 969.0) 624. 7 23 
24 93. 2 72. 9| 9299, 2 85. 4| 351.3} 028.4) 871. 7|12990. 9) 660. 4 24 
25 8499. 2} 8879. 6| 9306. 8} 9794. 1/10361. 5|/11040. 8/11887. 7/13013. 1/14696. 4 25 
26 8505. 2 86. 3 14. 4 9802. 8} 371.8} 053.4! 903.7) 0385.3) 732.7 26 
PATE ila bes 93. 0 2250 11. 6) 382.1) 066.0) 919.8 057.7) 769.5 27 
28 17. 3} 8899. 8 29. 6 20. 4, 392.5) 078.6) 936.0) 080.3} 806.7 28 
29 23. 3} 8906. 5 Sih, 74 29. 2} 402.9) 091.3) 952.3) 103.0) 844.3 29 
30 8529. 4) 8913. 3) 9344. 9) 9838. 0)10413. 3/11104. 0/11968. 6/13125. 8)14882. 2 30 
31 35. 4 20. 0 52. 6 46. 8} 423.7} 116. 8/11985. 0) 148.8) 920.7 31 
32 41.5 26. 8 60. 2 55. 7), 4384, 2) 9129. 6/12001,5| 172.0) 959: 5 32 
33 47.6 sono 67.9 64.6} 444.7) 142.4) 018.1) 195. 3/14998. 8 33 
34 Hoo 40, 4 (Sh 78. 5| 455. 3) 155. 3) 084-8! 218. 8/15038. 6 34 
35 8559. 8) 8947. 2) 9383. 4) 9882. 4)10465. 9)11168. 3/12051. 5)13242. 4)15078. 8 35 
36 65. 9 54.1 91. 2) 9891. 4, 476.5} 181.3] 068. 3) 266.2) 119.5 36 
37 ia 60. 9} 9398. 9} 9900. 4 487.1} 194. 4) 085.2}; 290.2) 160.6 37 
38 78. 2 67. 8| 9406. 7 09. 4 -497. 8) 207.5) 10252) 314.3) 202.3 38 
39 84. 3 74.7 14.5 18. 44 508. 5) 220.6) 119.3} 338.6) 244 5 39 
40 8590. 5) 8981. 6) 9422. 3) 9927. 5)10519. 2)/11233. 9/12136. 4/13363. 1)15287. 2 40 
41 8596. 7 88. 5 30. 2 36. 6| 5380.0) 247.1; 153.7) 387.7) 3380. 4 41 
42 8602. 8) 8995. 4 38. 0 45. 7| 540.8) 260.4) 171.0) 412.5) 374 2 42 
43 09. 0} 9002. 3 45.9 54.8} 551.7) 273.8] 188.4) 437.6) 4186 43 
44 hs 7 09. 3 53. 8 63. 9) 562. 5) 287.2) 205.9} 462.7) 463.5 44 
45 8621. 5| 9016. 2) 9461. 7| 9973. 1)10578. 4/11300. 7)12223. 5/13488. 1/15509. 1 45 
46 P47, 7 Ds P4 69. 7 S2ASI) S84 4) Sole) 241 a2 olde ooo. es 46 
47 33. 9 30; 2 77. 6| 9991. 5| 595.4! 327.8] 259.0) 539.4) 602.0 47 
48 40. 2 37. 2 85. 6|10000. 8} 606. 4) 341.4) 276.8) 565.4} 649. 4 48 
49 46. 4 44, 2} 9493. 6} 010.0) 617.4) 355.1] 294.8) 591.5) 697.5 49 
50 8652. 7) 9051. 3} 9501. 6}10019. 3)/10628. 5)/11368. 8)/12312. 9/13617. 9)/15746. 3 50 
51 59. 0 58. 3 09. 6} 028. 7) 639.6) 382.6) 331.0) 644.5) 795.7 51 
52 65. 3 65. 4 17. 6| 038.0; 650. 8} 396.4, 349.3) 671.2) 845.9 52 
53 71. 6 (2,4 25. 7| 047.4) 662.0) 410.3] 367.6) 698.2) 896.9 53 
54 T@e9 79. 5 33. 8) 056.8] 673.2) 424.3] 386.0} 725. 4)15948. 6 54 
Do 8684. 2) 9086. 6} 9541. 9/10066. 2)10684. 5/11438. 3)12404. 6)13752. 8/16001. 1 55 
56 90. 6] 9093. 7 50.0) 075.6) 695.8) 452.4) 423.2) 780.4) 054. 4 56 
57 8696. 9} 9100. 9 58. 1; 085.1) 707.1) 466.5} 442.0] 808.2) 108.5 Nef 
58 8703. 3 08. 0 66. 3} 094.6) 718.5) 480. 7| 460.8) 836.3) 163.5 58 
59 09. 6 15, 2 74.5) 104.1| 729.9) 494.9} 479.8] 864.6) 219.4 59 
60 8716. 0} 9122. 4| 9582. 7/10113. 7/10741. 4/11509. 3/12498. 8)13893. 1/16276. 2 60 
Lat. 80° 81° 82° 83° 84° 85° 86° 87° 88° 89° Lat. 
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CONM| PWNHROSO ° 


TABLE 6 
Length of a Degree of Latitude and Longitude 


Degree of latitude Degree of longitude 


Nautical Statute Feet Meters Nautical Statute Feet 
miles il 


59. 701 ; 362 753 ; ; 365 226 
A 365 171 

365 003 
364 728 
364 341 
362 782 ; ; 363 845 
795 

808 

825 

844 

362 864 
887 

913 

940 

969 
363 002 | 110 643 
3 653 

663 
675 


363 186 | 110 699 
228 
271 
317 
363 


363 412 
461 
514 
566 
622 


363 675 
734 


299 508 
295 820 
292 041 
288 173 
284 216 
280 171 
276 040 
271 827 
267 530 
263 150 


5 : . 83¢ 
364 603 : hs 258 691 


Meters 


OoONMH | PpwMWKo ° 
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TABLE 6 
Length of a Degree of Latitude and Longitude 


Degree of latitude Degree of longitude 


Nautical Statute Feet Meters Nautical Statute Feet Meters 


a ae a 


SS NW ou | Sco s 
SrNwP oe | Neo! 
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TABLE 7 
Distance of an Object by Two Bearings 
Difference Difference between the course and first bearing 
between : 
Petco ; 5 : : : on 
bea 20 22, 24 26 28 30 32 

30 1. 97| 0. 98 
32 1. 64| 0. 87] 2. 16) 1. 14 
34 1. 41) 0. 79} 1.80) 1.01] 2°34) 1: 31 
36 L224 Ol 7a Loo OF SIS 96s ton eof As 
38 1. 11| 0. 68] 1. 36) 0. 84] 1. 68) 1. O49 2. 11) 1. 30) 2. 70) 1. 66 
40 1. OO} 0. 64] 1. 21) O. 78] 1. 48) 0. 95f 1. 81} 1. 16) 2. 26) 1. 457 2. 88) 1. 85 
42 0. 91] 0. 617 1. 10} O. 73} 1. 32) O. 88f 1. 59} 1. O6F 1. 94) 1. 30} 2. 40) 1. 61f 3.05) 2. 04 
44 0. 84] 0. 581 1. 00} O. 69} 1. 19) O. 83] 1. 42) 0. 98 1. 70) 1. 18] 2.07) 1. 44f 2. 55) 1. 77 
46 0. 78) 0. 56] 0. 92) O. 66} 1. 09) O. 78F 1. 28) O. 927 1. 52) 1. OSF 1. 81} 1. 807 2. 19) 1. 58 
48 0. 73] 0. 547 0. 85} 0. 647 1. 00} O. 74 1. 17) 0. 87 1. 37) 1. O2F 1. 62) 1. 20} 1. 92) 1. 43 
50 0. 68) 0. 521 0. 80} 0. 61 0. 93] 0. 71] 1. 08} O. 83 1. 25) 0. 96F 1. 46) 1. 12] 1. 71) 1. 31 
52 0. 65] 0. 51] 0. 75} 0. 59] 0. 87} 0. 687 1. OO} O. 79} 1. 15} O. 91F 1. 33} 1. OS] 1. 55) 1. 22 
54 0. 61} 0. 49] 0. 71) 0. 57] 0. 81} 0. 66} 0. 93} O. 76] 1. 07) 0. 87} 1. 23) O. OOF 1. 41) 1. 14 
56 0). 58) 0. 48] 0. 67| 0. 56] 0. 77) 0. 64] 0. 88} O. 73f 1. OO} 0. 83f 1. 14) 0. 95f 1. 30) 1. 08 
58 0. 56] 0. 47] 0. 64| 0. 54) 0. 73} 0. 62] 0. 83} 0. 70} 0. 94) 0. 80} 1. 07) 0. 9OF 1. 21) 1. 03 
60 0. 53| 0. 46] 0. 61} 0. 53] 0. 69] O. 60} O. 78) O. 68} O. 89) O. 77} 1. 00} O. 87] 1. 13) 0. 98 
62 0. 51) 0. 45} 0. 58} 0. 51} 0. 66) O. 58] O. 75) O. 66F 0. 84) 0. 74] 0. 94) 0. 83} 1. 06) 0. 94 
64 0. 49) 0. 447 0. 56} 0. 50} 0. 63) 0. 57] 0. 71) O. 647 O. 80) 0. 72] 0. 89) O. 80} 1. 00) 0. 90 
66 0. 48} 0. 43] 0. 54) 0. 49] 0. 61) O. 56] 0. 68} O. 62] O. 76) O. 70} 0. 85} 0. 78} 0. 95) 0. 87 
68 0. 46] 0. 43] 0. 52) 0. 48} 0. 59) 0. 54] 0. 66) 0. 61] 0. 73) 0. 68} 0. 81) 0. 75% O. 90} 0. 84 
70 0. 45} 0. 421 0. 50] 0. 47] 0. 57) 0. 53] 0. 63} 0. 59] 0. 70} O. 66F O. 78) O. 73] 0. 86} 0. 81 
3 0. 43] 0. 41] 0. 49] 0. 47] 0. 55) 0. 52] 0. 61] 0. 581 0. 68) 0. 64] 0. 75) 0. 71} 0. 82) 0. 78 
74 0. 42) 6. 411 0. 48) 0. 461 0. 53) 0. 51] 0. 59] 0. 57] 0. 65} 0. 63] 0. 72) 0. 69 0. 79) 0. 76 
76 0. 41] 0. 40} 0. 46) 0. 45} 0. 52) 0. 50] 0. 57] 0. 56] 0. 63] 0. 61f 0. 70) 0. 67] 0. 76) 0. 74 
78 0. 40} 0. 39] 0. 45) 0. 44) 0. 50} 0. 49] 0. 56) 0. 547 0. 61) O. 60} 0. 67) 0. 66] O. 74) 0. 72 
80 0. 39} 0. 39] 0. 44| 0. 447 0. 49) O. 48] 0. 54) 0. 53] 0. 60} O. 59] 0. 65} O. 64} 0. 71) O. 70 
82 0. 39} 0. 38] 0. 43] 0. 431 0. 48] 0. 47] 0. 53} 0. 52] 0. 58) 0. 57] 0. 63} 0. 63] 0. 69) 0. 69 
84 0. 38] 0. 38] 0. 42) 0. 427 0. 47) 0. 477 0. 52) 0. 51} 0. 57) 0. 56} 0. 62) 0. 61F 0. 67) 0. 67 
86 0. 37] 0. 37] 0. 42} 0. 42] 0. 46] 0. 467 0. 51) 0. 51} 0. 55) 0. 55% 0. 60} O. GO} O. 66) 0. 65 
88 0. 37] 0. 37] 0. 41] 0. 41] 0. 45} 0. 457 0. 50} 0. 50) 0. 54] 0. 547 0. 59] 0. 597 0. 64) 0. 64 
90 0. 36} 0. 36) 0. 40) 0. 407 0. 45) O. 457 0. 49] 0. 497 0. 53] 0. 53] 0. 58} 0. 58} 0. 62) 0. 62 
92 0. 36] 0. 36] 0. 40] 0. 40} 0. 44) 0. 447 0. 48) 0. 481 0. 52) 0. 52) 0. 57| 0. 57] 0. 61) O. 61 
94 0. 36) 0. 35] 0. 39} 0. 39% 0. 43] 0. 43] 0. 47) 0. 477 0. 51) O. 51) 0. 56] O. 55 0. 60} 0. 60 
96 0. 35] 0. 35} 0. 39) 0. 39] 0. 43) 0. 43] 0. 47) O. 46 0. 51) 0. 50) 0. 55) O. 549 0. 59} 0. 59 
98 0. 35} 0. 35 0. 39) 0. 38] 0. 42) 0. 427 0. 46) 0. 467 0. 50) 0. 50) 0. 54) 0. 53} 0. 58} 0. 57 
100 0. 35} 0. 347 0. 38} 0. 38] 0. 42) 0. 41] 0. 46) 0. 457 0. 49] 0. 499 0. 53) 0. 52] 0. 57) 0. 56 
102 0. 35} 0. 34] 0. 38] 0. 37] 0. 42) 0. 411 0. 45] 0. 447 0. 49] 0. 48] 0. 53] 0. 51} 0. 56) 0. 55 
104 0. 34) 0. 33] 0. 38] 0. 37] 0. 41} 0. 40] 0. 45) 0. 43] 0. 48] 0. 47] 0. 52) 0. 50% 0. 56) 0. 54 
106 0. 34} 0. 33] 0. 38) 0. 367 0. 41) 0. 39% 0. 45} 0. 437 0. 48) 0. 46] 0. 52) O. 50) 0. 55] 0. 53 
108 0. 34] 0. 321 0. 38) 0. 36] 0. 41] 0. 39] 0. 44) 0. 427 0. 48) 0. 457 0. 51) 0. 49] 0. 55) 0. 52 
110 0. 34) 0. 32] 0. 37] 0. 35f 0. 41] 0. 38} 0. 44) 0. 41] 0. 47) 0. 44] 0. 51) 0. 487 0. 54] O. 51 
112 0. 34} 0. 32] 0. 37] 0. 35] 0. 41] 0. 38] 0. 44! 0. 41} 0. 47| 0. 447 0. 50] 0. 47] 0. 54; 0. 50 
114 0. 34} 0. 31} 0. 37] 0. 341 0. 41) 0. 37] 0. 44) 0. 40] 0. 47) 0. 43] 0. 50) 0. 46 0. 54) 0. 49 
116 0. 34} 0. 31] 0. 38) 0. 347 0. 41} 0. 37] 0. 44) 0. 39} 0. 47) 0. 427 0. 50} 0. 45) 0. 53) 0. 48 
118 0. 35} 0. 31f 0. 38] 0. 33] 0. 41) 0. 36] 0. 44] 0. 39] 0. 47) 0. 41] 0. 50) 0. 449 0. 53) 0. 47 
120 0. 35) 0. 307 0. 38] 0. 33] 0. 41) 0. 36] 0. 44) 0. 38] 0. 47] 0. 41] 0. 50} 0. 43] 0. 53) 0. 46 
122 0. 35} 0. 30] 0. 38) 0. 32] 0. 41] 0. 35] 0. 44) 0. 37] 0. 47] 0. 40] 0. 50} 0. 427 0. 53) 0. 45 
124 0. 35] 0. 297 0. 38] 0. 32] 0. 41] 0. 34] 0. 44! 0. 37] 0. 47) 0. 397 0. 50} 0. 42] 0. 53) 0. 44 
126 0. 36) 0. 29] 0. 39} 0. 31] 0. 42) 0. 34] 0. 45) 0. 36] 0. 47) 0. 38] 0. 50} 0. 41) 0. 53) 0. 43 
128 0. 36} 0. 28] 0. 39) 0. 31f 0. 42) 0. 33] 0. 45} 0. 35] 0. 48) 0. 38] 0. 50} 0. 40 0. 53) 0. 42 
130 0. 36) 0. 28} 0. 39] 0. 30] 0. 42) 0. 32] 0. 45) 0. 35} 0. 48] 0. 37] 0. 51) 0. 399 0. 54) 0. 41 
132 0. 37| 0. 27] 0. 40] 0. 30} 0. 43} 0. 32] 0. 46] 0. 34] 0. 48) 0. 36] 0. 51] 0. 38] 0. 54/ 0. 40 
134 0. 37| 0. 27] 0. 40) 0. 29} 0. 43} 0. 31] 0. 46] 0. 33] 0. 49) 0. 35} 0. 52) 0. 37] 0. 54) 0. 39 
136 0. 38} 0. 26] 0. 41) 0. 281 0. 44! 0. 30] 0. 47) 0. 32] 0. 49] 0. 341 0. 52) 0. 36] 0. 55) 0. 38 
138 0. 39) 0. 26] 0. 42) 0. 28] 0. 45) 0. 30] 0. 47) 0. 32] 0. 50) 0. 33} 0. 53} 0. 35] 0. 55) 0. 37 
140 0. 39] 0. 25] 0. 42) 0. 27] 0. 45} 0. 297 0. 48) 0. 31} 0. 51) 0. 33] 0. 53} 0. 34] 0. 56) 0. 36 
142 0. 40] 0. 25) 0. 43) 0. 27] 0. 46) 0. 28] 0. 49) 0. 30} 0. 51] 0. 32] 0. 54) 0. 33] 0. 56) 0. 35 
144 0. 41| 0. 241 0. 44] 0. 26] 0. 47] 0. 28] 0. 50} 0. 29] 0. 52) 0. 31] 0. 55) 0. 32] 0. 57) 0. 34 
146 0. 42) 0. 247 0. 45) 0. 251 0. 48] 0. 27] 0. 51] 0. 28) 0. 53) 0. 30} 0. 56) 0. 31] 0. 58} O. 32 
148 0. 48] 0. 23] 0. 46) 0. 25] 0. 49] 0. 26] 0. 52) 0. 27] 0. 54) 0. 29] 0. 57; 0. 30] 0. 59) O. 31 
150 0. 45} 0. 22] 0. 48) 0. 247 0. 50) 0. 25] 0. 53) 0. 26] 0. 55} 0. 28] 0. 58) 0. 297 0. 60) 0. 30 
152 0. 46} 0. 22] 0. 49] 0. 23] 0. 52) 0. 249 0. 54) 0. 25] 0. 57) 0. 27] 0. 59} O. 28] 0. 61) 0. 29 
154 0. 48} 0. 21] 0. 50) 0. 22] 0. 53) 0. 23] 0. 56) 0. 247 0. 58] 0. 25f 0. 60) 0. 26] 0. 62) 0. 27 
156 0. 49} 0. 20} 0. 52) 0. 21] 0. 55) 0. 22] 0. 57} 0. 23] 0. 60} 0. 241 0. 62) 0. 25] 0. 64) 0. 26 
158 0. 51] 0. 19} 0. 54) 0. 20] 0. 57] 0. 21) 0. 59} 0. 22) 0. 61) 0. 23] 0. 63) 0. 24] 0. 66} 0. 25 
160 0. 53} 0. 18] 0. 56] 0. 19] 0. 59) O. 20] 0. 61) 0. 21] 0. 63} O. 221 0. 65) 0. 22] 0. 67} 0. 23 
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Paleeaoce Difference between the course and first bearing 
etween 
ue cel 
pearing: 34° 36° 38° 40° 42° 44° 46° 
44 3. 22) 2. 24 
46 2. 69) 1. 981 3. 39) 2: 43 
48 2. oil|| 1. 72) 2. 83) 2. 10] 3.55) 2. 63 
50 2. 03} 1. 55] 2. 43) 1. 86] 2. 96) 2. 27] 3. 70) 2. 84 
52 1. 81) 1. 43] 2. 13) 1. 68} 2. 54| 2. O1f 3. 09) 2. 44] 3. 85) 3. 04 
54 1. 63] 1. 32] 1. 90) 1. 54] 2. 23) 1. 81] 2. 66) 2. 15} 3. 22) 2. 60] 4. 00) 3. 24 
56 1. 49) 1. 24) 1. 72) 1.-429 1. 99) 1. 651 2. 33) 1. 93] 2. 77| 2. 29] 3.34) 2. 77] 4. 14) 3. 48 
58 1. 37| 1. 17] 1. 57) 1. 33} 1. 80} 1. 53] 2. 08] 1. 76] 2. 43) 2. O6] 2. 87] 2. 44] 3. 46] 2. 93 
60 1. 28) 1. 10] 1. 45) 1. 25) 1. 64) 1. 42] 1. 88) 1. 63, 2. 17) 1. 88] 2. 52) 2. 18} 2.97) 2. 57 
62 1. 19} 1. O5] 1. 34) 1. 18} 1. 51) 1. 34] 1. 72) 1. 52] 1. 96) 1. 73] 2. 25) 1. 98] 2. 61) 2. 30 
64 1. 12) 1. O1F 1.25) 1. 13h 1. 40) 1. 26f 1-58) 1.42]' 1.79) 1.61} 2503) 1.83) 2033) 2,09 
66 1. 06} 0. 96F 1. 18) 1. O7] 1. 31] 1. 20} 1. 47) 1. 34] 1. 65) 1. 51) 1. 85} 1. 697 2. 10) 1. 92 
68 TOO SOPOS IS lt OZ tie238 IS Ale ov7ie ls 27a bole eA 2te le 7 1S 58h 1692) tars 
70 0. 95} 0. 89 1. 05) O. OOF 1. 16] 1. OOF 1. 29) 1. 21f 1. 48) 1. 34] 1. 58) 1. 49) 1. 77) 1. 66 
G2 0. 91) 0. 86} 1. OO} O. 95F 1. 10) 1. O5F 1. 21) 1. 15} 1. 34) 1. 27] 1. 48) 1. 41] 1. 64) 1. 56 
74 0. 87) 0. 847 0. 95) 0. 92§ 1. 05) 1. O1f 1. 15) 1. 10} 1. 26) 1. 219 1. 39) 1. 349 1. 53) 1. 47 
76 0. 84) 0. 81} 0. 91) 0. 897 1. 00) O. 97} 1. 09] 1. OBF 1. 20) 1. 16f 1. 31) 1. 27] 1. 44) 1. 40 
78 0. 80} 0. 79} 0. 88) 0. 86F 0. 96} O. 947 1. 04) 1. O2F 1. 14) 1. 11} 1. 24) 1. 22) 1. 36) 1. 33 
80 0. 78} 0. 77} 0. 85} 0. 83] 0. 92} 0. 91f 1. OO} 0. 98 1. 09) 1. O7F 1. 18] 1. 16f 1. 28) 1. 27 
82 0. 75) 0. 75} 0. 82} 0. 81f 0. 89} O. 88} 0. 96) O. 95F 1. 04) 1. O3f 1.13) 1. 12) 1. 22) 1. 21 
84 0. 73} 0. 73] 0. 79) 0. 79} 0. 86] 0. 85} 0. 93) 0. 92} 1. 00) O. 99F 1. O08) 1. O7F 1. 17) 1. 16 
86 0. 71| 0. 71} 0. 77| 0. 77} 0. 83] 0. 83} 0. 89) 0. 89} 0. 96) 0. 96F 1. 04) 1. O4F 1. 12) 1. 12 
88 0. 69) 0. 69} 0. 75) O. 75} 0. 80} O. 80} 0. 86) 0. 86] 0. 93) O. 93f 1. 00} 1. OOF 1. 08) 1. 07 
90 0. 67) 0. 67} 0. 73} 0. 73] 0. 78) 0. 78} 0. 84) 0. 84 0. 90} 0. 9OF 0. 97) O. 97F 1. 04) 1. 04 
92 0. 66) 0. 66} 0. 71) O. 71} O. 76) O. 76} 0. 82) 0. 82] 0. 87) 0. 87] 0. 93} 0. 93% 1. 00) 1. 00 
94 0. 65) 0. 64} 0. 69} 0. 69} 0. 74! 0. 744 0. 79] 0. 79} 0. 85) O. 85f 0. 91} O. QO} 0. 97) 0. 97 
96 0. 63) 0. 63} 0. 68) 0. 67] 0. 73) O. 72] 0. 78) 0. 777 0. 83) 0. 82 0. 88} 0. 88} 0. 94) 0. 93 
98 0. 62) 0. 62] 0. 67) 0. 66 O. 71) O. 70} 0. 76) 0. 75% O. 81) O. SOF 0. 86) 0. 85f 0. 91) 0. 90 
100 0. 61} 0. 60} 0. 65) 0. 64} 0. 70] 0. 69} 0. 74) 0. 731 0. 79) 0. 78] 0. 84) 0. 837 0. 89) 0. 88 
102 0. 60) 0. 59} 0. 64) 0. 63] 0. 68} 0. 67] 0. 73} O. 719 0. 77) 0. 76f 0. 82} O. 80} 0. 87] 0. 85 
104 0. 60} 0. 58) 0. 63} 0. 61] 0. 67| 0. 65} O. 72) 0. 69) 0. 76) 0. 747 0. 80} 0. 73} 0. 85) 0. 82 
106 0. 59) 0. 57] 0. 63) 0. 60} 0. 66] 0. 64] 0. 70] 0. 68] 0. 74) 0. 72] 0. 79| 0. 76} 0. 83] 0. 80 
108 0. 58] 0. 55) 0. 62) 0. 59] 0. 66] 0. 624 0. 69] 0. 66} 0. 73) 0. 70} 0. 77) 0. 749 0. 81) 0. 77 
110 0. 58) 0. 54) 0. 61) 0. 57] 0. 65] 0. 611 0. 68} 0. 64] 0. 72) 0. 68} O. 76] 0. 717 0. 80) 0. 75 
112 0. 57) 0. 53] 0. 61) 0. 56f 0. 64) 0. 59} 0. 68] 0. 63} 0. 71) 0. 66] 0. 75) 0. 69} 0. 79) 0. 73 
114 0. 57) 0. 52} 0. 60) 0. 55) 0. 63] 0. 58] 0. 67] 0. 61f O. 70) O. 64) 0. 74| 0. 68] 0. 78) O. 71 
116 0. 56) 0. 51) 0. 60} 0. 541 0. 63] 0. 57] 0. 66) 0. GO} 0. 70] 0. 63] 0. 73) 0. 66] 0. 77, 0. 69 
118 0. 56] 0. 50} 0. 59) 0. 52} 0. 63} 0. 55} 0. 66] 0. 58} 0. 69) 0. 61} 0. 72) 0. 64] 0. 76) 0. 67 
120 0. 56) 0. 49) 0. 59) 0. 519 0. 62] 0. 547 0. 65] 0. 57] 0. 68) 0. 59} 0. 72) 0. 62] 0. 75) 0. 65 
ay 0. 56] 0. 47] 0. 59] 0. 50} 0. 62] 0. 53} 0. 65) 0. 55] 0. 68] 0. 58} 0. 71) 0. 6OF O. 74) 0. 63 
124 0. 56] 0. 46} 0. 59) 0. 49] 0. 62] 0. 51] 0. 65) 0. 54] 0. 68) 0. 56] 0. 71) 0. 58} 0. 74) O. 61 
126 0. 56 0. 45] 0. 59} 0. 48] 0. 62] 0. 50] 0. 64) 0. 52] 0. 67) 0. 547 0. 70] 0. 57] 0. 73) 0. 59 
128 0. 56) 0. 44] 0. 59] 0. 46] 0. 62| 0. 49} 0. 64! 0. 51] 0. 67] 0. 53f 0. 70} 0. 55] 0. 73) 0. 57 
130 0. 56) 0. 43] 0. 59] 0. 45) 0. 62] 0. 47] 0. 64] 0. 49] 0. 67| 0. 51} 0. 70} 0. 53] 0. 72) 0. 55 
132 0. 56) 0. 42] 0. 59] 0. 44) 0. 62] 0. 46} 0. 64) 0. 48] 0. 67] 0. 50} 0. 70} 0. 529 0. 72) 0. 54 
134 0. 57| 0. 41] 0. 59) 0. 43] 0. 62] 0. 45} 0. 64) 0. 46] 0. 67) 0. 48] 0. 69) 0. 50] 0. 72} 0. 52 
136 0. 57| 0. 40} 0. 60) 0. 41] 0. 62} 0. 43] 0. 65) 0. 45] 0. 67} 0. 47] 0. 70) 0. 48] 0. 72) 0. 50 
138 0. 58! 0. 39} 0. 60] 0. 40} 0. 63) 0. 42] 0. 65] 0. 43] 0. 67| 0. 45) 0. 70) 0. 47] 0. 72) 0. 48 
140 0. 58] 0. 37] 0. 61) 0. 39] 0. 63] 0. 40} 0. 65) 0. 42] 0. 68} 0. 43]: 0. 70) 0. 45} 0. 72] 0. 46 
142 0. 59| 0. 36} 0. 61] 0. 38] 0. 63} 0. 39} 0. 66] 0. 41] 0. 68) 0. 42] 0. 70) 0. 43] 0. 72) 0. 45 
144 0. 60) 0. 35} 0. 62) 0. 36] 0. 64! 0. 38} 0. 66] 0. 39] 0. 68} 0. 40) 0. 71) 0. 41} 0. 73) 0. 43 
146 0. 60) 0. 34] 0. 63) 0. 35] 0. 65] 0. 36] 0. 67) 0. 37] 0. 69} 0. 39] 0. 71) 0. 40} 0. 73) 0. 41 
148 0. 61) 0. 32] 0. 63] 0. 34] 0. 66] 0. 35] 0. 68) 0. 367 0. 70) 0. 37 0. 72! 0. 38] 0. 74 0. 39 
150 0. 62! 0. 31f 0. 64] 0. 321 0. 66] 0. 33] 0. 68) 0. 347 0. 70] 0. 35] 0. 72) 0. 36} 0. 74) 0. 37 
152 0. 63] 0. 30} 0. 65) 0. 31} 0. 67] 0. 32] 0. 69) 0. 337 0. 71) 0. 33] 0. 73) 0. 34 0. 75 Q735 
154 0. 65} 0. 28} 0. 67| 0. 29} 0. 68] 0. 30} 0. 70) 0. 31] 0. 72) 0. 32} 0. 74) 0. 32) 0. 76) 0. 33 
156 0. 66| 0. 271 0. 68] O. 281 0. 70] 0. 28] 0. 72] 0. 29] 0. 73} 0. 309 0. 75) 0. 30} 0. 77) 0. 31 
158 0. 67| 0. 25) 0. 69] 0. 26] 0. 71| 0. 27] 0. 73) 0. 27] 0. 74) 0. 28] 0. 76) 0. 28} 0. 78) 0. 29 
160 0. 69] 0. 24] 0. 71] 0. 24] 0. 73] 0. 25} 0. 74) 0. 25] 0. 76) 0. 267 0. 77) 0. 26] 0. 79) 0. 27 
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TABLE 7 
Distance of an Object by Two Bearings 


Difference 
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between 
the course 


69 
96 
44 


05 
74 
49 
29 
12 
97 
84 


99} 4 
17| 3. 
58} 3 


83] 4 
33] 4 
96} 3 


14/ 3 
80} 2 


66} 3 
43} 2 


53} 2 
31) 2 


23] 2 


O06} 2 


13} 2 
98) 


92] 2 


08) 3 
51) 3 
08) 2 


22) 4 
86} 3 
58} 3 
35) 2 


74| 2 
48) 2 


16} 2 
Oly 2 


26} 2 
2. 08) 2 


76) 1 


87 


93} 1 


43) 3 
Ol) 2 
68) 2 


76) 3 
49} 3 
271 2 


42) 2 
21} 2 


10} 2 
95] 2 


04) 2 
89} 1 


7ip 1 


82] 2 


win) al 


61} 1 


4. 66] 4. 19 
94| 2 
62) 2 
37| 2 


2 
2. 
2. 
2 
1 


19 


39 
02 


16] 2 
99) 1 


88 
76 


65} 1. 85) 1 
56} 1. 72) 1 


62) 1 


1 
1 
1 


48 
4] 


30} 2 
10} 2 


3. 26} 2. 98} 3. 89} 3. 55] 4. 77) 4. 36 
55) 2 


30} 2. 86) 2. 65f 3. 34} 3. 10) 3. 99) 3. 711 4. 88) 4. 53 


2 
2 
2 
il 
1 


85} 3. 79) 3. 41 
1 
1 


25) 4. 54) 4. O1 


82 
54 
10 
94 
81 


94; 1 
80) 1 


70 
60 


68} 1 
58) 1 


51 
43 
36 
30 
24 


49} 1 


1 
1 
1 


41] 3 
68) 3 
17| 2 
78) 2 
48) 2 
24) 2 
04; 1 
88} 1 


10} 4 
711i 3 
86} 2 
7A 2 
63] 1 


75) 1 
63| 1 


] 


54 
45} 1 


53) 1 
45) 1 


38} 1 
32] 1 
26 


37) 1 


] 


57| 3 
07) 2 
98} 1 
83! 1 
70) 1 


1 
1 
1 
1 
1 


58} 1 
49) 1 


40) 1 
33] 1 


26) 1 


1 
1 


73 
63 
54 
47 
39 
33 
27 
21 
16 
11 
06 
98 
94 
90 
87 
83 
80 
77 
74 
71 
68 
65 
62 
59 
57 
54 
51 
49 
46 


84) 1 
35) 1 
29) 1 
25) 1 
20) 1 
edt 
92) 0 
91; 0 
90} 0. 
89) 0 
89) 0 
88) 0 
87| 0 
87| 0 
87| 0 
87| 0 


80} 1 
70) 1 
25, 1 
19) 1 
14] 1 
10} 1 
O05] 1 
Oly 1 
97 

93} 1 
90} 1 
86} 1 
83] 1 
80} 0. § 
77 0. 
74] O. 
68} O 
66} 0 
63} 0. 
60} 0 
58} 0 


81) 1 
70| 1 
Patil al 
22) 1 
18} 1 
14) 1 
i) a 
08) 1 
05) 0 
02) 0 
00} 0. 
98} 0 
89) 0 
88) 0 
87| 0 
87| 0 
86) 0 
85) 0 
85) 0. 4 


65} 1 
56} 1 
18} 1 
13] 1 
08} 1 
04} 1 
OO} 1 
96) 1 
93] 1 
89} 1 
85} 1 
83} 9 
66} O 
64} 0 
61} 0 
58} 0 
56} 0. 
46] 0 
44} 0 


66} 1 
56) 1 
Uo a 
15} 1 
12] 1 
09) 1 
05) 1 
02) 0. 
00) 0 
98) 0 
96} 0. 
94) 0 
91) 0 
90) 0 
90) 0 
86) 0 
85) 0 
85) 0 
84) 0 
84) 0 
83) 0 
83) 0 


52] 1 
45) 1 
11} 1 
06} 1 
02} 1 
997 1 
95] 1 
92) 1 
88} 1 
85} 0 
82] 0 
79} 0. 
64} 0 
61} 0 
59} 0 
57} 0 
54] 0 


53] 1 
45| 1 
12) 1 
09| 1 
06| 1 
03] 0 
00! 0 
98) 0 
95) 0 
93] 0 
92) 0 
90| 0 
83) 0 
83) 0 
82) 0 
82) 0 
81| 0 
81| 0 
81| 0 


1 
1 
1 
1 
1 


0 
84} 0 
82 


0 
0 
0 
0 
0. 
0. 
0. 
0. 
0. 
0. 
0 


34 
04 
01 
97 
94 
90) 

7 
79 
76 
74 
71 
69 
62 
59 
57 
55 
53 
44 
42 


41) 1 
34! 1 
06; 1 
03) 1 
00) 0 
97| O 
95} 0 
93) 0 
91) 0 
89) 0 
88) 0 
86) 0 
81) 0 
80} 0 
80) 0 
80) 0 
79] 0 
79| 0 
79] O 


1 
1 
1 
0. 
0. 
0. 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0. 


98 
95 
92 
89 
86 
83 
80 
78 
75 
73 
(fil 
68 
66 
60 

fi 
55 
53 
ol 


30| 1 
24| 1 
00| 0 
97| 0 
95] 0 
92) 0 
90| 0 
88] 0 
87| 0 
85] 0 
84! 0 
83) 0 
82| 0 
81] 0 
80| 0 
79| 0 
78| 0 
77| 0 
77| 0 
77| 0 
77|_0 
77| 0 
77| 0 
77| 0 
77| 0 


20} 1 
16} 1 
79} 0 
77 0 
741 0 
72) 0 
70} 0 
57] 0 
56} O 
54} 0 
52) 0 
50} 0 


21) 1 
16] 1 
84) 0 
83] 0 
81) 0 
80) 0 
79} 0 
78| 0 
77| 0 
CA 
76| 0 
75| 0 
75| 0 
75| 0 
74) 0 
74) 0 
74| 0 
74| 0 
74| 0 
75) 0. 4 
76} 0 


0 
0 
0 
0 
0 
0 
0 
0 
0. 
0 
0. 
0. 
0 
0 
0 
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01 
52 
13 
82 
56 
35 
16 
Ol 
87 
74 
63 
53 
44 
36 
28 
21 
14 
08 
02 
97 
92 
87 
82 
78 
74 
50 
40 
37 
33 


0. 


Ol) 4 
52) 3 
14) 3 
84} 2 
59) 2 
39) 2 
21) 2 
07| 2 
94) 1 
83) 1 
74) 1 
65) 1 
58} 1 
51) 1 
45; 1 
40) 1 
35) 1 
31} 1 
27| 1 
23) 0 
20) 0 
17| 0 
14) 0 
12) 0 
10} 0 


49} 3 
11] 3 
81) 2 
57| 2 
36] 2 
19} 2. 
05} 2 
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81) 1 
U2} ah 
64) 1 
56) 1 
50) 1 
16 

09) 0 
07| 0. 
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78° 


04 
71 
44 
21 
01 
84 
70 
56 
45 


34 
24 


16 
07 
00 
93 


86 
80 
75 
69 
64 


54 
50 
45 
41 
37 


108° 


70} 5. 76) 5. 63 
Ol} 4. 81) 4. 66 
49] 4. 13) 3. 97 
08} 3. 63) 3. 45 

23) 3 

92) 2 

67) 2 

46) 2 

28) 2 

13} 1 

00; 1 


67 

75] 3 
48] 2 
25] 2 
05] 2 
88] 2 
73] 2 
60] 2 


] 


89) 1 
79) 1 
70) 1 
62) 1 
55] 1 


48} 1 
38} 1 
28] 1 
19} 1 
11} 1 


49) 1 
44) 1 


04] 1 
97} 1 


39) 0 
34| 0 
30) 0 
27| 0 
24) 0. 
21) 0 


90} 1 
84} 1 
73} 1 
73} 1 
67) 1 
62] 1 


18] 0 
15) 0 
13] 0 
11} 0 
09) 0 
08] 0 


58} 1 
53] 1 
49] 1 
45} 1 
40} i 
367 1 


76| 5 
81) 4 
13) 4 
63] 3 
24| 3 
92) 2 
67| 2. 
46) 2 
28) 2 
13) 1 
00) 1 
89} 1 
79 


70) 1 
62} 1 
56) 1 
49) 1 


14] 1 
O07] 1 


1. 44) 1 
39) 0 


93} 1 


35) 0 
31) 0. 
27| 0 
24) 0 
21) 0 
18] 0 


87] 1 
82] 1 
76} 1 
7i} 1 
66} 1 
61} 1 


15) 0 
13) 0 
11) 0 
09) 0. 
08) 0. 
06) 0. 


57} 1 
52] 1 
48} 1 
44} 1 
40} 1 
36} 1 


0. 
0 
0 
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oooo°coo 
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96 
49 
19 
94 
74 
56 
41 
27 
15 
05 
86 
78 
71 
64 
58 
52 
47 
41 


45| 2 
08) 2 
78| 2 
54] 1 
34) 1 
ivzd| 3 
03} 1 
90} 1 
42) 0 
37| 0 
32) 0. 
28) 0 
24| 0 
21) 0 


44] 4 
96} 3 
58} 3 
27) 3 
02} 2 
81} 2 
63] 2 
47} 2 
34] 2 
21) 1 
84} 1 
76) 1 
69} 1 
63} 1 
57] 1 
51} 1 
46} 1 
41} 1 


36) 1 
19} 1 
05; 1 
92) 1 
81) 1 
72| 1 
67} 1. 38) 0 
34) 0. 
29) 0 
25) 0 
22) 0 
19] 0 


70} 2 
54] 2 
40} 2 
27) 1 
16} 1 
06} 1 
97} 1 
81} 1 
74) 1 
61} 1 


€ 
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TABLE 7 
Distance of an Object by Two Bearings 


Piflsrence Difference between the course and first bearing. 
te a 

and secon 
bearing. 110° 


° 


120 
122 
124 
126 
128 
130 
132 
134 
136 
138 
140 
142 
144 
146 
148 
150 
152 
154 
156 
158 
160 


41) 4. 69 
52) 3. 83 
88) 3. 22 
41) 2. 76 
04| 2. 40 
75) 2. 10 
51) 1. 86 
31} 1. 66 
14] 1. 49 
00) 1. 34 
88} 1. 21}: 
a), V0S 
68) 0. 99 
60) 0. 89 
53) 0. 81 
46] 0. 73 
40) 0. 66 
35} 0. 59 
31} 0. 53 
26) 0. 47 
23) 0. 42 
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TABLE 8 
Distance of the Horizon 
Sacer EE DS | EE eS DE | EE eames: ee eel 

Height Nautical Statute Height Nautical Statute - Height Nautical Statute 
feet miles miles feet miles miles feet miles miles 
1 if, a 1.3 120 12.5 14. 4 940 35. 1 40. 4 
2 1.6 19 125 12. 8 14. 7 960 35. 4 40. 8 
3 2. 0 2.3 130 13. 0 15. 0 980 35. 8 41,2 
4 20 2. 6 135 13. 3 15. 3 1, 000 36. 2 41.6 
5 2. 6 2.9 140 13. 5 15. 6 1, 100 37.9 43.7 
6 2. 8 3. 2 145 13. 8 15. 9 1, 200 39. 6 45. 6 
7 3. 0 3. 5 150 14.0 16. 1 1, 300 41.2 47.5 
8 3. 2 3.7 160 14. 5 16.7 1, 400 42.8 49. 3 
9 3. 4 4.0 170 14.9 ieee 1, 500 44.3 51.0 
10 3. 6 4.2 180 15. 3 Wee 1, 600 45.8 BPA 7 
11 3. 8 4.4 190 15. 8 18. 2 1, 700 47. 2 54. 3 
12 4.0 4.6 200 16. 2 18. 6 1, 800 48. 5 55. 9 
13 4.1 4.7 210 16. 6 19. 1 1, 900 49. 9 57. 4 
14 4.3 4.9 220 17. 0 19. 5 2, 000 51, 2 58. 9 
15 4.4 onl 230 fie &! 20. 0 2, 100 52. 4 60. 4 
16 4.6 553 240 Vier, 20. 4 2, 200 53. 7 61.8 
17 4.7 5. 4 250 18. 1 20. 8 2, 300 54. 9 63. 2 
18 4.9 9.6 260 18. 4 21.2 2, 400 56. 0 64. 5 
19 5. 0 57 270 18. 8 21.6 2, 500 ih 74 65. 8 
20 5. 1 5. 9 280 19. 1 22.0 2, 600 58. 3 Cie 74 
21 Ln y4 6. 0 290 19. 5 22. 4 2, 700 59. 4 68. 4 
22 5. 4 622 300 19.8 22. 8 2, 800 60. 5 69. 7 
23 5. 5 6. 3 310 20. 1 23. 2 2, 900 61. 6 70. 9 
24 5. 6 6. 5 320 20. 5 23. 6 3, 000 6207 (2, 1\ 
25 li Uf 6. 6 330 20. 8 23. 9 3, 100 63. 7 13. 3 
26 5. 8 6. 7 340 21. 1 24. 3 3, 200 64. 7 74. 5 
27 5.9 6. 8 350 21. 4 24. 6 3, 300 65. 7 (05% 7 
28 6. 1 7.0 360 PAS Uf 25. 0 3, 400 66. 7 76. 8 
29 622 (eal 370 22. 0 25. 3 3, 500 Oi a 77.9 
30 6. 3 a2 380 2253 25.7 3, 600 68. 6 79. 0 
31 6. 4 3 390 22. 6 26. 0 3, 700 69. 6 80. 1 
32 6. 5 6 400 22.9 26. 3 3, 800 70. 5 81. 2 
33 6. 6 7.6 410 23. 2 26. 7 3, 900 71.4 82. 2 
34 C7, Tab 420 23. 4 242.0 4, 000 72. 4 83. 3 
35 6. 8 7.8 430 23.7 Piller) 4, 100 73. 3 84. 3 
36 6. 9 7.9 440 24. 0 27. 6 4, 200 74. 1 85. 4 
37 a0 8. 0 450 24. 3 27.9 4, 300 75. 0 86. 4 
38 tio 8.1 460 24. 5 28. 2 4, 400 75. 9 87. 4 
39 (ull Sind 470 24. 8 28. 6 4, 500 76. 7 88. 3 
40 Gene 8. 3 480 25. 1 28. 9 4, 600 Ue 89. 3 
4] Tee 8. 4 490 25. 3 29. 2 4, 700 78. 4 90. 3 
42 7.4 8. 5 500 25. 6 29. 4 4, 800 79. 3 91.2 
43 (8 8. 6 520 26. 1 30. 0 4, 900 80. 1 212 
44 iets) Shee 540 26. 6 30. 6 5, 000 80. 9 93. 1 
45 etl 8.8 560 P25, Wh 31. 2 6, 000 88. 6 102. 0 
46 7.8 8.9 580 27.46 Sil 4 7, 000 95. 7 110. 2 
47 7.8 9. 0 600 28. 0 32. 3 8, 000 102. 3 117. 8 
48 (eee) 9.1 620 28. 5 32. 8 9, 000 108. 5 124. 9 
49 8. 0 On? 640 28. 9 33. 3 10, 000 114. 4 VSe7, 
50 Sal 9 3 660 29. 4 33. 8 15, 000 140. 1 161. 3 
55 8. 5 9. 8 680 29. 8 34. 3 20, 000 161. 8 186. 3 
60 8. 9 10. 2 700 30. 3 34. 8 25, 000 180. 9 208. 2 
65 oy 10. 6 720 30. 7 S085 30, 000 198. 1 228. 1 
70 9. 6 Nag) 740 Sills A 35. 8 35, 000 214.0 246. 4 
75 9. 9 Wik! 760 31.5 36. 3 40, 000 228. 8 263. 4 
80 ON 11.8 780 31.9 36. 8 45, 000 242. 7 279. 4 
85 10. 5 12 800 32. 4 Bile 50, 000 255. 8 294. 5 
90 10. 9 12; 5 820 32. 8 We 60, 000 280. 2 322. 6 
95 1.2 12.8 840 33. 2 38. 2 70, 000 302.7 348. 4 
100 11.4 3: 2 860 33. 5 38. 6 80, 000 323. 6 BYP, 5 
105 iW hes v7 1305 880 33. 9 39. 1 90, 000 343. 2 395. 1 
110 12.0 13. 8 900 34. 3 39. 5 100, 000 361. 8 416. 5 
TS 12.3 14.1 920 34. 7 39. 9 200, 000 511. 6 589. 0 
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TABLE 9 


Distance by Vertical Angle 


Difference in feet between height of object and height of eye of observer 
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TABLE 9 


Distance by Vertical Angle 


Difference in feet between height of object and height of eye of observer 


Angle 
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TABLE 9 


Distance by Vertical Angle 


Difference in feet between height of object and height of eye of observer 
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TABLE 10 
Direction and Speed of True Wind in Units of Ship’s Speed 


Difference between the heading and apparent wind direction 


Apparent 


Apparent 
wind speed 


wind speed 


i=) 
° 


SOONON A POWONNIP PEE Eo SSS D|SS OOS 
SOCTOOCMOMOMSOONOAO PWN O|OWDNOOPWNHO 
OHNOAAWwNNErlOSSOS|SSOSS|SSSSN|S99°r 
OHNSBAPWWNNEPlOSSSSO|SSSOOS|OSSSS|SO9°r 


CHONAMEW NNER SOSSS|ISSSSS/SSOSS|SOOOF 
OWONO MAW OMNI EHH SSS|SSSSS|SSS9S|S990F 


SOON POMP WIWNN Erol Soo goooossooor 
SSRN APSR IROONN EH eee leet OS OO SDSS Sooo 


SOVOSSOMSMNMSASOOWONRMO PWNHOLOWONAa)PRWNDHO 


_ 
— 


50° 60° (On 80° 90° 
0. 0 180 1.00 | 180 1.00 | 180 1.00 | 180 1.00 | 180 1. 00 0.0 
Om 175 0. 94 | 175 0.95 | 174 0.97 | 174 0.99 | 174 1. 00 0. 1 
0. 2 170 0. 88 | 169 0. 92 | 169 0.95 | 168 0.99 | 169 1. 02 0. 2 
0. 3 164 0. 84 | 163 0. 89 | 163 0. 94 | 163 0. 99 | 163 1. 04 0. 3 
0. 4 158 0. 80 | 157 0. 87 | 156 0.94 | 157 1.01 | 158 1. 08 0. 4 
0. 5 151 0. 78 | 150 0. 87 | 150 0.95 | 152 1.04 } 153 I 12 0. 5 
0. 6 143 0.77 | 143 0. 87 | 145 0. 97 }) 147 1.07 | 149 I, dkes 0.6 
0.7 136 0.77 | 137 0. 89 | 139 1.01 } 142 1.12 } 145 1, 22 0.7 
0. 8 128 0.78 | 131 0.92 | 134 1.05 | 138 1.17 | 141 1, 28 0. 8 
O59 121 0. 81 } 125 0.95 | 129 1.09 | 134 1. 22 | 138 1. 35_ 0. 9 
10 115 0. 85 | 120 1.00 | 125 1.15 | 130 1. 29 | 135 1. 41 1.0 
et 109 0. 89 7 115 1.05 | 121 1. 21 | 127 1. 35 | 132 1. 49 ie 
he 4 104 0.95 } 111 ee ers 1. 27 | 124 1. 42 | 130 1. 56 1. 2 
U3) 99 1.01 | 107 1.18 | 114 1. 34 | 121 1. 50 | 128 1. 64 1.3 
1.4 95 1.08 | 104 1. 25 | 112 1. 42 | 119 1. 57 | 126 ths 2 eds | 
1.5 92 1.15 | 101 1. 32 | 109 149) 117 1.65 | 124 1. 80 1.5 
1.6 89 1. 23 98 1. 40 | 107 1.57 | 115 1.73 | 122 1. 89 1.6 
UGS Ze 86 Pape 96 1.48 | 105 1.65 | 113 1. 82 | 120 1h BY Le 
U8 84 139 94 1. 56 | 103 1.73 | 111 1.90 | 119 2. 06 1.8 
1.9 81 1, 47 92 1.65 | 101 1. 82 | 110 EAI) (ras: 2.15 i, 
2.0 79 1. 56 90 1.73 | 100 1. 91 | 108 Pa AUee | \ ala leg 2. 24 2.0 
2.5 72 2. 01 83 2. 18 94 2.35 | 103 2. 53 | 112 2. 69 2.5 
3. 0 68 2. 48 79 2. 65 89 2. 82 99 2.99 | 108 3. 16 3. 0 
3. 5 65 2. 96 76 3. 12 87 3. 29 96 3. 47 | 106 3. 64 3.5 
4.0 63 3. 44 74 3. 61 84 3. 78 94 3.95 | 104 4,12 4.0 
4.5 61 3. 93 72 4. 09 83 4. 26 93 4.44 | 103 4. 61 4.5 
5. 0 60 4, 42 71 4, 58 81 4.75 92 4.93 | 101 5. 10 5. 0 
6. 0 58 5. 41 69 5. 57 79 5. 74 90 5. 91 99 6. 08 6. 0 
0 57 | 6. 40 68 6. 56 78 Oya 88 6. 90 98 7. 07 7.0 
8. 0 56 | 7. 40 67 7. 55 77 th? 87 7. 89 97 8. 06 8.0 
SY) 55 | 8. 39 66 8. 54 76 8. 71 86 8. 88 96 9. 06 920 
10. 0 55 9. 39 65 | 9. 54 76 9. 70 86 9. 88 96 | 10. 01 10. 0 


Direction and Speed of True Wind in Units of Ship’s Speed 


TABLE 10 


Difference between the heading and apparent wind direction 
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Apparent Apparent 
wind speed 90° 100° 110° 120° 130° wind speed 
0. 0 180 1. 00 | 180 1. 00 | 180 1. 00 | 180 1. 00 | 180 1. 00 0. 0 
0. 1 174 1.00 | 174 1. 02 175 1. 04 175 UN (053 176 le ee 0. 1 
0. 2 169 1. 02 | 169 1. 05 | 170 1.08 | 171 ABU [lig 1. 14 0. 2 
O23 163 1. 04 | 164 1. 09 166 eG 7 it alte} 169 Nepal 0. 3 
0. 4 158 1. 08 | 160 1.14 | 162 1. 20 | 164 1, 25 | 166 1, 29 0. 4 
0.5 153 LEQ 56 1.19 | 158 1. 26 | 161 1. 32 | 164 1, 38 On 
0. 6 149 Pe Wah eatin 1. 25 | 155 W383eh 158 1. 40 | 162 1. 46 0. 6 
One 145 1, 22 | 148 1. 32 | 152 1.40 | 156 1. 48 | 160 MDS O87 
0. 8 141 1, 28 | 145 1. 38 | 149 1. 48 ]| 154 1.56 | 158 1. 63 0. 8 
0. 9 138 1, 35 143 1. 46 147 1. 56 152 1°65 156 DZ 0.9 
LO 135 1. 41 | 140 1.53 | 145 1. 64 | 150 178 (elod Si 1.0 
eel 132 1. 49 138 Ik ol 143 1. 72 | 148 1. 82 | 154 1. 90 lea 
2 130 1. 56 | 136 1. 69 141 1. 81 147 1. 91 153 2. 00 ip 
1.3 128 1. 64 | 134 le Yee 140 1. 89 146 2.00 | 152 2. 09 lied 
1. 4 126 17°72)4| 11382 1. 86 138 1.98 | 145 2. 09 151 2.18 1.4 
Le 124 1. 80 | 1380 1.94 | 137 2.07 | 143 2.18 | 150 2. 28 eS) 
1.6 122 1. 89 129 2. 03 136 2.16 142 2.27 | 149 2.37 1.6 
ove 120 1.97 | 128 2. 127) 135 2.25 | 141 2.36 | 148 2. 46 ie 7 
1.8 119 2.06 | 127 2.21 134 2.34 | 141 2.46 | 147 2. 56 1.8 
1.9 118 PRA} 125 2. 305) 133 2. 43 140 2550 147 2. 66 1.9 
250 jbl 2, 24°) 124 2539-1) 132 2.52 | 139 2.65 | 146 PTs 2.0 
2A 1S 1 2. 69 120 2. 85 128 2. 99 136 3.12 | 144 3:23 240 
3. 0 108 Salone BET, 3. 32 | 126 3. 47 | 134 3. 61 | 142 3. 72 3. 0 
B35 106 3. 64 | 115 3. 80 | 124 3.96 | 1382 4.09 | 140 4. 21 Bh) 
4.0 104 4.12 13 4, 29 122 4. 44 131 4.58 | 139 4. 71 4.0 
4.5 103 4.61 ] 112 4.78 | 121 4.93 | 130 5. O7 | 188 520 4.5 
oO 101 LON alt 5. 27'| 120 5. 42 | 129 5. 57 | 138 5. 69 5. 0 
6. 0 99 6. 08 | 109 6. 25 | 118 6. 41 | 128 6.56 | 137 6. 69 6. 0 
7.0 98 7.07 | 108 7. 244 117 7.40 | 127 7.55 | 136 7. 68 eau) 
8. 0 97 8. 06 | 107 8. 23 | 116 8. 39 | 126 8. 54 | 135 8. 68 8. 0 
9. 0 96 9. 06 | 106 9, 23 | 116 9. 39 | 125 9.54 | 135 9. 67 9. O 
10. 0 96 | 10.01 | 106 | 10. 22 | 115 | 10.39 | 125 | 10.54 | 134 | 10. 67 10. 0 
140° 150° 160° 70° 180° 
0. 0 180 1.00 7 180 al 1. 00 | 180 0. 0 
Ol ZF 1. 08 | 177 3b. 1.10 | 180 Om 
0. 2 174 IPUGRIELTS 1. 1. 20 | 180 0. 2 
Oh a 171 1. 24 173 ile 1. 30 | 180 023 
0. 4 169 1.33 172 il 1. 40 | 180 0. 4 
0.5 167 1. 42 | 170 ile 1. 50 | 180 0. 5 
0. 6 165 Tero 169 ile 1. 60 180 0. 6 
0. 7 164 1. 60 | 168 ile 1. 69 180 0. 7 
0. 8 162 1. 69 | 167 Le 1.79 | 180 0. 8 
0. 9 161 1. 79 166 1. 1. 89 180 0. 9 
0) 160 1. 88 | 165 iL. 1.99 } 180 LEO 
ipa 159 1. 97 164 2. 2. 09 180 al 
2 158 2.07 | 164 Pe 2.19 | 180 bee, 
13 57 2.16 | 163 2. 2. 29 | 180 ie 
1.4 IBS 2.26 | 162 2. 2. 39 | 180 1.4 
Lips 156 2.36 | 162 2: 180 eS 
1256 1G Ys 2.45 | 161 2 1. 6 
17 155 2.55 | 161 2: . 69 Ie 
1.8 154 2.65 | 161 2 . 79 1.8 
LS9 154 2. 74 | 160 2: . 89 9 
250) 153 2. 84 160 2: . 99 2.0 
Poti) 151 3. 33 158 3. . 49 2. 5 
3. 0 150 3. 82 | 157 3. . 99 3. 0 
aD) 149 4, 31 157 4, . 49 3. 5 
4.0 148 4. 81 156 4, . 99 4,0 
4.5 147 Dol 155 3 . 49 4.5 
5. 0 146 5. 80 | 155 5. § . 99 5. 0 
6. 0 145 6. 80 | 154 6. 99 6. 0 
«0 145 7.79 | 154 Os 99 7. 0 
8. 0 144 8. 79 | 153 8. 8. 0 
9. O 144 9.79 | 1538 9. YW 
0. 0 10. 78 153 10. ¢ 10. 98 | 180 0. 0 
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Height 
in feet 


All 


TABLE 11 


Correction of Barometer Reading for Height Above Sea Level 


barometers. 


All values positive.. 


Outside temperature in degrees Fahrenheit 


Height 


= OF) ay 


10° 


20° 


50° 


in feet 


Inches | Inches 


Inches 


Inches 


Inches 


SSsosssssssssssssssssssssss 


esssslsssssisssssisssssisssss 


Seess|essse|ssesss|esssslscsscso 


SSSessssssslsesssisssssissesss 


SoSsSsslSsssssisseessisssssissssse 
2 
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TABLE 12 


eeess|Sessess|Spssss|sssss|sssss 


SeSssslssssslsssssisssssisssss 
(=) 


SSSSsisSSssslsessesisssssisssss 
(=) 


Correction of Barometer Reading for Gravity 


Mercurial barometers only. 


Seess|Sssess|Ssesesss|ssssosissssos 
S 


SeSssclsssselsesssisssssisssss 
(=) 


SSSSS/SSSSsslSSSssisssssisssess 
eS ¢ 


Latitude Correction Latitude Correction Latitude Correction Latitude Correction 
eo Inches S Inches e Inches ¢ Inches 
0) —0. 08 25 —0. 05 50 +0. 01 75 +0. 07 
5 —0. 08 30 —0. 04 55 +0. 03 80 +0. 07 
10 —0. 08 35 —0. 03 60 +0. 04 85 +0. 08 
15 — 0. 07 40 — 0. 02 65 +0. 05 90 +0. 08 
20 —0. 06 45 0. 00 70 +0. 06 
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TABLE 13 


Correction of Barometer Reading for Temperature 
Mercurial barometers only. 


Height of barometer in inches 


eee 
27.5 28. 0 28. 5 29. 0 29. 5 30.0 30. 5 31. 0 
Inches Inches Inches Inches Inches Inches Inches Inches g 
= 0; 12 0.12 | +0. 138 0.13 | +0.13 | +0. 13 0. 14 0. 1 — 20 
0. 12 0,12 0. 12 0. 12 0. 13 0. 13 0. 13 0. 13 18 
0. 11 0. 11 0. 12 0. 12 0. 12 0. 12 0. 12 0. 13 16 
OQ) a OPIN 0. 11 0. 11 0 shal On2, OF 12 0. 12 14 
0. 10 0. 10 0. 11 0. 11 0. 11 0. 11 0. 11 0. 11 12 
+70) 10 | +0) 109) =20) 109) 220) 10%)) =20) 10 |For 1 |) For | Sort —10 
0. 09 0. 09 0. 10 0. 10 0. 10 0. 10 0. 10 0. 10 8 
0. 09 0. 09 0. 09 0. 09 0. 09 0. 09 0. 10 0. 10 6 
0. 08 0. 08 0. 08 0. 09 0. 09 0. 09 0. 09 0. 09 4 
0. 08 0. 08 0. 08 0. 08 0. 08 0. 08 0. 09 0. 09 —2 
+0.07 | +0.07 | +0.07 | +0.08 | +0. 08 | +0.08 | +0.08 | +0. 08 0 
0. 07 0. 07 0. 07 0. 07 0. 07 0. 07 0. 07 0. 08 +2 
0. 06 0. 06 0. 06 0. 07 0. 07 0. 07 0. 07 0. 07 4 
0. 06 0. 06 0. 06 0. 06 0. 06 0. 06 0. 06 0. 06 6 
0. 05 0. 05 0. 05 0. 05 0. 06 0. 06 0. 06 0. 06 8 
+0.05 | +0.05 | +0.05 | +0.05 | +0.05 | +005 | +005 | +0. 05 +10 
0. 04 0. 04 0. 04 0. 04 0. 04 0. 05 0. 05 0. 05 12 
0. 04 0. 04 0. 04 0. 04 0. 04 0. 04 0. 04 0. 04 14 
0. 03 0. 03 0. 03 0. 03 0. 03 0. 03 0. 03 0. 04 16 
0. 03 0. 03 0. 03 0. 03 0. 03 0. 03 0. 03 0. 03 18 
+0. 02 | +0.02 | +0. 02 | +0.02 | +0. 02 | +0.02 | +0.02 | +0.02 1 +20 
0..02 0. 02 0. 02 0. 02 0. 02 0. 02 0. 02 0. 02 22 
0. 01 0. 01 0. 01 0. 01 0. 01 0. 01 0. 01 0. 01 24 
+0.01 | +0.01 | +0.01 | +0.01 | +0.01 | +0.01 | +0.01 | +0. 01 26 
0. 00 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00 28 
0.100) |,) - 0001), 0.00" 2-0, 004 750, 00 0, 00"! > O00 | 0,00) 30 
—0.01 | —0.01 | —0.01 | —0.01 | —0.01 | —0.01 | —0.01 | —0. 01 32 
0. 01 0. 01 0. 01 0. 01 0. 01 0. 01 0. 01 0. 02 34 
0. 02 0. 02 0. 02 0. 02 0. 02 0. 02 0. 02 0. 02 36 
0. 02 0. 02 0. 02 0. 02 0. 03 0. 03 0. 03 0. 03 38 
—0. 03 | —0.03 | —0.03 | —0.03 | —0.03 | —0.03 | —0.03 | —0. 037 +40 
0. 03 0. 03 0. 03 0. 04 0. 04 0. 04 0. 04 0. 04 42 
0. 04 0. 04 0. 04 0. 04 0. 04 0. 04 0. 04 0. 04 44 
0. 04 0. 04 0. 04 0. 05 0. 05 0. 05 0. 05 0. 05 46 
0. 05 0. 05 0. 05 0. 05 0. 05 0. 05 0. 05 0. 05 48 
—0.05 | —0.05 | —0.06 | —0.06 | —0.06 | —0.06 | —0.06 | —0.06] +50 
0. 06 0. 06 0. 06 0. 06 0. 06 0. 06 0. 06 0. 07 52 
0. 06 0. 06 0. 07 0. 07 0. 07 0. 07 0. 07 0. 07 54 
0. 07 0. 07 0. 07 0. 07 0. 07 0. 07 0. 08 0. 08 56 
0. 07 0. 07 0. 08 0. 08 0. 08 0. 08 0. 08 0. 08 58 
—0.08 | —0.08 | —0.08 | —0. 08 | —0.08 | —0.09 | —0.09 | —0.09] +60 
0. 08 0. 08 0. 09 0. 09 0. 09 0. 09 0. 09 0. 09 62 
0. 09 0. 09 0. 09 0. 09 0. 09 0. 10 0. 10 0. 10 64 
0. 09 0. 09 0. 10 0. 10 0. 10 0. 10 0. 10 0. 10 66 
0. 10 0. 10 0. 10 0. 10 0. 11 Or! 0. 11 Oval 68 
—0.10 | —0.10 | —0.11 | —0 11 | —0. 11 | —0.11 | —0.11 | —0. 127 +70 
0. 11 OMT 0. 11 Osa 0. 12 0. 12 0. 12 0. 12 72 
0. 11 Om (0) 0. 12 0. 12 QO; 12 0. 13 0. 13 74 
0. 12 0. 12 0. 12 0. 12 0. 13 0. 13 0. 13 0. 13 76 
0. 12 0. 12 0. 13 0. 13 0. 13 0. 13 0. 14 0. 14 78 
—0.13 | —0.13 | —0.13 | —0.13 | —0.14 | —0.14] —0. 14] —0. 147° +80 
0. 13 0. 14 0. 14 0. 14 0. 14 0. 14 0. 15 0. 15 82 
0. 14 0. 14 0. 14 0. 15 0.15 0.15 0. 15 0. 16 84 
0. 14 0. 15 0. 15 0.15 0. 15 0. 16 0. 16 0. 16 86 
OMS 0.15 0, 15 0. 16 0. 16 0. 16 0. 16 0. 17 88 
—0.15 | —0.16/} —0.16 ] —0.16 | —0.16 | —0.17 |} —0.17 | —0.17 +90 
0. 16 0. 16 0. 16 0. 17 0. 17 0. 17 0. 17 0. 18 92 
0. 16 On LT. 0. 17 ONY: 0. 17 0. 18 0. 18 0. 18 94 
0. 17 0. 1/7 0. 17 0. 18 0. 18 0. 18 0. 19 0. 19 96 
(0), ies 0. 18 0. 18 0. 18 0. 18 0. 19 0. 19 0. 19 98 
0. 18 0,18 0. 18 0. 19 0. 19 0. 19 0. 20 0. 20 100 
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TABLE 14 


Conversion Table for Millibars, Inches of Mercury, and Millimeters of Mercury 


Millibars Inches Millimeters Millibars Inches Millimeters ||. Millibars Inches Millimeters 


1020 
1021 
1022 
1023 
1024 


1025 
1026 
1027 
1028 
1029 


1030 
1031 
1032 
1033 
1034 


1035 
1036 
1037 
1038 
1039 
1040 
1041 
1042 
1043 
1044 


1045 
1046 
1047 
1048 
1049 


1050 
1051 
1052 
1053 
1054 
1055 
1056 
1057 
1058 
1059 
1060 
1061 
1062 
1063 


720. 
720. 
eile 
722. 
723. 


723. 


900 : 675. 


1066 
1067 
1068 


r+ 09 D2 00 r+ CY] S200 F+W OD] CO Ft WD CO} HE BI DD OO 41 WMD DW HW DOH WH WH WHW/HWAHWHIWRKHWIROHE WH DWOHWHO HH WoroOH 
> 09 DDO F+ 9! D2 00 F+ CO D>] CO — C9 D2 00] H+ CO TCO | WD CO WI DOH WH! DWH WHO HWrar|WanDHWlmMoOHWwoloHwaoo 1 00 C300 


FO DD OO r+ C9) DD) 00 + GL D3] CO F+W >? DO] FWD WH] WDOH HW] DOH WRI OR WADI EH WROHIWRAKEWIDROHWolOHWoawleEwoorH 


TABLE 15 
Conversion Tables for Thermometer Scales 


F=Fahrenheit, C= Celsius (centigrade), K= Kelvin 
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F C Kk F C K F Cc 
—20 |—28.9 | 244.3 || +40] +4.4 | 277.6 0 Wp = Oc7 eeaaee 
19| 28.3 | 244.8] 41] 5.0| 2782 ee 1D AO) SOR: 
18:16 27.8.) 245,41 49 | | -5.6| 278 7 4 ie Gal | i. 2 
UfeleS7, Op 2405) FA) 0.6 | .970.18 6 ‘oe 43) 190.2 
16.|, 26.7 | 24675 |) 44 | 6.7] 279.8 .8 2 295) 10,2 
—15 |—26.1 | 247.0 | +45 | +7. 2 | 280.4 0 Bg OPT Wier 
14} 25.6] 247.6 || 46] 7.8] 280.9 PD e2 Pip 7.2 
1S 8 26,0p) 24828 a7 19 8 85) 98n is 4 2 ao) Mie 2 
12] 24.4| 248.7] 48] 89 | 2820 v4 22 a7 BRD 
11 | 23.9 | 249.3) 49] 9.4 | 282.6 2 ie) 6.5 | 14.2 
—10 |—23. 3 | 249.8 || +50 [410.0 | 283.2 -0 i) grap 1ae2 
O16 '2258/1 250.4) 51)! 910.6 | 283.7 8 oO 1000 | “12.2 
Sp 22 2E06 00 (52) 211. 1 | 2843 . 6 .2 TiO Mid. 2 
Ce 2hete| 251. 6 ily 58 di 1117284 78 4 eg Losey M0e2 
Be P11 1.95250. 545). 12.2 | 28514 2 Wo 15.5 9.2 
—5 |—20.6 | 252.6 | +55 |+12. 8 | 285.9 0 2 1yee Sere 
4| 20.0] 253.2 || 56] 13.3] 286.5 9 8 ee 19.1 Ee 
S40 16:0) 263 7 il. 57) 13,9 | 287 0 8 6 2 20. 9 6.2 
2| 189 | 254.3 || 58] 14.4 | 287.6 7 4 2 22.17 5.2 
—1| 18.3 | 254.8] 59] 15.0] 288 2 6 <9 2 24. 5 4.2 
0 |—17. 8 | 255.4 || +60 [415.6 | 288.7 5 0 7 Se) ee MAS) 
+1] 17.2] 255.9 || 61] 161 | 289.3 4 eS LD 28. 1 2.2 
2 1) 16..7'| 266.5 || 62.| 116.75] 280.8 3 6 52 29. 9 he 
S10 1600 | 267,04) 63:| 1752 20014 2 7 D> 31/7) = 0,2 
ZUR 15 Bel 267, 6), 64 17.6.1 900° 90. a7 ap) 1 33.5 | +0.8 
+5 |—15.0 | 2582 | +65 |+18 3 | 291.5 0 0 we 4+35.8 | ar8 
61 144 | 258,75) 66x) “18,011 2000 Ha aS 12 3741 2.8 
7| 13.9 | 259.3] 67] 19.4 | 292.6 2 6 i 38. 9 3. 8 
8] 13.3 | 259.8] 68] 20.0 | 293.2 3 4 2 40.7 4,8 
9 |0.12-8 | 260.4 |! 69: |20-6 | 203.7 |] 94 i 2 42. 5 5. 8 
+10 |—12. 2 | 260.9 || +70 |+21.1 | 294.3 5 0 me Aas | e6r8 
PUNE Tiere 261 | 714) | 210% 04 48 6 8 Py 46. 1 78 
12 deri. 4) 262.0) 72°) (22-2 ones 7 6 £3 47.9 8.8 
13 |) 40.67) 2626 ll? 73) '29°8\|. 29879 8 4 2 49.7 9.8 
141107001. 263,27) 74:1 128.3" |Leogs 9 a2 Mo) 51.5 | 10.8 
+15 |-=9.4 | 263.7 || +75 |+23.9 | 297.0 -0 "2 +53.3 | +11.8 
16| 89] 264.3] 76| 24.4 | 297.6 oS 9 Bor eles 
17.) 8.3 264.8 || 77} 25, 0-| 298.9 6 2 56.9] 13.8 
18 |), 7.84) 265.4 ||’ 78!) 25.6 | 298.7 4 2 58.7] 14.8 
10,7, 22/.265..91 79" 26.1 |200/3 ae re 60.5 | 15.8 
+20 | —6.7 | 266.5 || +80 |+26.7 | 299.8 0 1S +62.3 | +16. 8 
21 |i) *6,.1°| 267701) 81°) (272 |'300.4 8 30 64.1| 17.8 
22" '5.6")' 267.6 || *. 824) 127, 8-1'300.9 6 a2 65.9) 18.8 
23| 5.0| 2682] 83] 283 301.5 4 2 CTT |) Me: 8 
24| 4.4] 2687]|| 84) 289 | 302.0 2 £2 69.5 | 20.8 
+25 | —3.9 | 269. 3 || +85 |+29.4 | 302.6 10; | 129372 713 e-Poies 
26| 3.3] 269.8] 86] 30.0] 303.2 Re 1) 730 ip 8a2)8 
OT ERS o70c4 He B7Pl = 306 8087 6 2 aso. 22358 
28 | 2125) 27060) 88) 13a 1 iMB04 3 4 2 76/7 | 924.8 
29) 1.79) 27175 ||! 89 |231.7 | 304.8 2 ®) 78.5 | 25.8 
+30 | —1.1 | 272.0 || +90 |+32. 2 | 305. 4 0 ) +80.3 | +26. 8 
31°()'0.6-|272.6 ||» 91 | 32,8 | 305.9 8 zo S21 || savas 
B27 Ve 0818 273.27" Oo"! 128) 3" aqGas 6 io 83.9 | 28.8 
33 | +0.6 | 273.7 || 93] 33.9 | 307.0 a 2 85.7 | 29.8 
34 | 1.1 | 274.3 || 94] 34.4 | 307.6 & yo) 87.5 | 30.8 
+35 | +1.7 | 274.8 || +95 |+35. 0 | 308.2 -0 72 +89.3 | +31.8 
36 jana 275-4 P96 38° 6 308.7 .8 Ne 91.1| 32.8 
37>) 2, 81 278.9  * O77! 36° 1.) 300%8 6 22 029 |- 4393/8 
38| 3.3] 276.5 || 98] 36.7] 309.8 .4 2 94.7] 34.8 
B89 |)3. 190 277-0)" 99.1 37.2 | 31004 » 2 96.5) 35.8 
+40 | +4.4 | 277.6 |+100 |+37. 8 | 310.9 0 2 +98.3 | +36. 8 
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TABLE 16 
Relative Humidity 


Difference between dry-bulb and wet-bulb temperatures 


3° 4° 5° 6° Ce |e A pale ale 


Dry-bulb 
temp. 
F 


% % % % % Ho iy || % 


TABLE 16 
Relative Humidity 


Difference between dry-bulb and wet-bulb temperatures 


lide 


18° 


19° 


20° 


21° 


22° 


23° 


24° 


25° 


26° 


27° 
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ad 


oF. 
/0 


oO 
/0 


oO 
7/0 


oF, 
7/0 


% 


% 


% 


% 


% 


Difference between dry-bulb and 


wet-bulb temperatures 


32° 


33° 


34° 


35° 


36° 


37° 


38° 


39° 


% 


% 


% 


J 


% 


J 


% 


% 


% 


% 


% 


3 

5 1 

7 3 1 

9 5 3 1 88 
al 9 i 5 3 1 +90 
13 11 9 7 5 3 1 92 
14 12 11 9 a 5 3 2 94 
16 14 12 10 9 a 5 + 2 96 
17 16 14 12 10 ©) 7 5 4 2 1 98 
19 17 15 14 12 | 10 9 7 5 4 2 1 {+100 


144 
| TABLE 17 
Dew Point 


Difference between dry-bulb and wet-bulb temperatures 
Dry-bulb 


temp. 
F 


4° 5° 6° oe | Sah oe 10a LIS 


° ° ° ° ° ° ° ° 


| 
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TABLE 17 
Dew Point 


Difference between dry-bulb and wet-bulb temperatures Dry-bulb 


= temp. 

Oo eel eeepc | aloo ee OR OCMC MED CUO Ono ser ROH OMRo BCT OskOR © si 
+46 

48 

+50 

52 

54 

56 

58 

+60 

62 

32 29 25 20 15 9 0|—13)/—52 64 
36 33 29 25 21 Is) ee 0|—14/—59 66 
39 36 33 29 25 21 16} +9 0|—14|—68 68 
+42) +39) +36) +33) +30) +26) +21/+16) +9 0|—14|—76 +70 
45 43 40 37 34 30 26) 22) 16)/+10) +1|/—14|—77 72 
48 46 43 40 37 34 31} 27; 22)' 17| 10) +1/—13/—70 74 
51 48 46 44 41 38 35) 31) 27) 23) 17) 11) +2/—12 76 
53 51 49 47 44 41 38} 35) 32) 28) 23) 18) 11) + 78 
+56) +54) +52) +50) +47) +45) +42/+39/+36/+ 32/4 28/4 24/4+-19/+12] +80 
59 57 55 53 50 48 45) 43) 40) 37) 33] 29} 25 82 
61 59 57 55 53 51 49} 46) 43) 41) 37) 34} 30 84 
64 62 60 58 56 54 52} 49) 47) 44) 41) 38) 35) 31 86 
66 64 63 61 59 aY/ 55} 52) 50) 48) 45) 42) 39) 36 88 
+69) +67) +65) +63] +62) +60) +58/+55)/+53/+ 51)+ 48/4 46) + 43/4 40} +90 
71 69 68 66 64 62 60} 58 56) 54) 52) 49) 47 92 
73 72 70 68 67 65 63} 61) 59) 57) 55) 52) 50) 47 94 
76 74 73 71 69 67 66} 64) 62; 60) 58) 56) 53) 51 96 
78 77 75 73 72 70 68} 67; 65) 63) 61) 59) 57) 54 98 
+80) +79) +77) +76) +74) +73) +71/+69/+67|/+66/+ 64|/+62/+ 60]/+57]+ 100 


Difference between dry-bulb and wet-bulb temperatures 


Dry-bulb 


Dry-bulb 
temp. 
F 


temp. 
F 


ome SO Ga oleae ol wale OO een OSs | SOOe| SO elvis | oS eaoor W404 4 lea 422 


° ° ° ° ° ° ° ° ° ° ° ° ° ° ° 
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TABLE 18 
Speed Table for Measured Mile 


Minutes 

Sec. Sec. 

0 10. 8. 7. 500\6. 667|6. 000]5. 5. 0 

1 9. 8. th 6. 5. 5. 4, 1 

2 9. 35) We 6. 5. 5. 4, y) 

3 9. 8. "a 6. li, 5. 4, 3 

4 9. 8. ub 6. 5. 5. 4, 4 

5 9. 8. F 6. 5. 5. 4, 5 

6 9. 8. le 6. 5. 5. 4, 6 

7 9. 8. Te 6. 5. 931)5. 4, wh 

8 9. 8. "he 6. 5. 5. 3891/4. 8 

9 9. 8. Th 6. 5. 5. 4, 9 
10 9. 8. Wh 6. 5. 5. 4. 10 
11 9. 8. WL 6. 5. 5. 4, 11 
12 9. 8. 7. 6. 5. 5. 4. ¢ 12 
13 9. 8. a. 6. 5. 5. 4, 13 
14 9. 8. ie 6. 5. 5. 4, 14 
15 9. 8. a 6. 5. 5. 4, 15 
16 9. 8. "ie 6. 5. 5. 4, 16 
17 9. 8. ie 6. 5. 5. 4, 17 
18 9. 8. t- 6. 5. 5. 4, 18 
19 9. 8. a 6. 5. 5. 4, 19 
20 9. 8. - 6. 5. 5. 4, 20 
21 Q. 8. Zh 6. 5. 5. 4, 21 
22 9. 8. a 6. 5. 5. 4, Do 
23 9. 8. ie 6. 5. 5. 4, 23 
24 9. 8. 7. 6. 5. 5. 4, 24 
25 9. 8. a 6. 5. 5. 4, 25 
26 9. 8. a 6. 5. 5. 4, 26 
27 9. 8. ie 6. 5. 5. 4, 27 
28 9. Ss a. 6. 5. 5. 4. 28 
29 9. & ue 6. 5. 5. 4, 29 
30 9. 8. va 6. 316)5. 5. 4% 30 
31 9. 7h i 6. 5. 5. 4, 31 
32 9. 7. 7. 6. 5. 5. 4, 32 
33 9. 71, T 6. 5. 5. 4, 33 
34 9. 7, ie 6. 5. 5. 4, 34 
35 9. 7 6. 6. 5. 5. 4. 35 
36 9. ie 6. 6. 5. 5. 4, 36 
37 9. Us 6. 6. 5. 5. 4, 37 
38 9. U 6. 6. 228]5. 5. 4, 38 
39 9. Te 6. 6. 5. 5. 4, 39 
40 9. Me 6. 6. 5. 5. 4, 40 
4] 8. ie 6. 6. 5. 5. 4, 41 
42 8. Te 6. 6. 5. 5. 4, 42 
43 8. 7h 6. 6. 5. 5. 4, 43 
44 8. ae 6. 6. 5. 5. 4 44 
45 8. Te 6. 6. 5. 5. 4, 45 
46 8. Zs 6. 6. 143|5. 573/65. 4, 46 
47 8. Te 6. 6. 5. 5. 4, 47 
48 8. 7. 6. 6. 5. 5. 4, 48 
49 8. The 6. 6. 5. 5. 4, 49 
50 8. 7. 6. 6. 5. 5. 4, 50 
51 8. Te 6. 6. 5. 5s 4, 51 
52 8. 7. 6. 6. 5. 5. 4, 52 
53 8. 7h 6. 6. 5. 5. 049/4. 53 
54 8. He 6. 6. 5. 5. 4, 54 
55 8. me 6. 6. 5. 5. 4, 55 
56 8. le 6. 6. 5. 5. 4, 56 
57 8. i 6. 6. 5. 5. 4. 57 
58 8. Me 6. 6. 5. 5. 4, 58 
59 3 ie 6. 6. 5. 5. 4.6 59 
60 8. a 6. 6. 5. 5. 4. 60 
Sec. Sec 
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TABLE 19 
Speed, Time, and Distance 


SSAA TIN NN ANNAN 09 69 [00 019 09 09 09 100 SH SH St Hot Hing ad id rdid rid ian iwgpGweoolonmnonoo|r-rrerr 


CD HID OO WD|DOTANMD|HOroOom SAMA DISRDOHOFAINMHOPMIDAHOANA|HOOMO SHAN HILDOOGS 


Speed in knots 


OS DD ADINDOO ANN 09 H19 19 OOM DADOOLAANMM(HHAMIOCOlrr-DARDOOAAN OD OD <H <H LD 


SSSSSISSSSS Sessool[onnnn pees Serer SAAN ANNAN AIAN ANNAN NAAN [09 09 09 09 09 1 09 09 019 09 09 


OOOKDIDDNRABODS[SDAANAN |) HH HO OOO DIDORDOSIOFAAAN OO HH Hid | O Ol CO DONROO 
ANANAINAANANAIAAN SS © 


QOD OD SH HID 19 19 O CO | a regaee CD OD HHO OOK DODDNAIAROSCOAIAAANNS OD SH Hid 1 


AN CD OD OO 
SSSSS|SSSSS Sosossleddddiléddddi[ossdd|fddddlsaeeae rae nies ao! 


HHAIDiIDIDSSOKN|RRDDWD|NRAROS SAA ANINA GOO OD ce mete KX DDWD|IAADOOS 


CIA AIA 09 09 09 SH SHH HH 19) 19. OOOO ORR OIDDDDAIARRBODOIOONAANAIAANNN OO OD OD SH SH | SH SH HO 10 


0.5 | 1.0| 1.5 | 2.0] 2.5| 3.0] 3.5] 4.0| 4.5 | 5.0 | 5.5 | 6.0 | 6.5 | 7.0 | 7.5 | 8.0 


Saocoscolossscocl[leossoogcjooocooogjooocoe Ssoococ|escosoocojooooolooeoco® 


eooooeoenrnnn Sescclsosee AAAAAIANA AAA [69 69 69 09 OD 109 C1 09 OD CD OO SH OSH SH HSH OSH SH SH OH SH HSH HD [19 19 191910 


utes 


Min- 
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TABLE 19 


v 
oO 
a 
3 

ere 

“e 

eI 

1) 
=I 
es 
o 

iS 

m4 
so} 
o 
7) 
Q. 
ie) 


Speed in knots 


OD OD OD OD SH 


t~rYrbhoo 


> {ro SH CO OO 


DH OD 19 


Soocss 


I~ I fb 0 0 


ae NX Hid I~ 


SsoocoSo 
Ss 


NH b & 


8.5 | 9.0 | 9.5 | 10.0] 10.5) 11.0) 11.5} 12.0) 12.5) 13.0) 138.5} 14.0) 14.5} 15.0) 15.5} 16.0 
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TABLE 19 


Speed, Time, and Distance 


Speed in knots 


ie : Min- 
utes utes 
16.5) 17.0) 17.5} 18.0} 18.5] 19.0] 19.5] 20.0] 20.5] 21.0] 21.5) 22.0] 22.5] 23.0] 23.5] 24.0) 
Miles | Miles | Miles | Miles | Miles | Miles | Miles | Miles | Miles | Miles | Miles | Miles | Miles | Miles | Miles | Miles 
1 0. 3) 0. 3} 0. 3} 0. 3) 0. 3) 0. 3] 0. 3] 0. 3] 0. 3] 0. 4] 0.-4| 0. 4] 0. 4] 0. 41 0. 4) 0. 4 1 
2 0. 6| 0. 6} 0. 6} 0. 6} 0. 6] 0. 6] 0. 6} O. 7} O. 7} 0. 7] 0. 7} 0. 7) 0. 8! 0.8! 0.8] 0.8 2 
3 Oe ce OS ey) Oia] Oe Op SO) a OP STO ae OP TO Tre TU TT ie al ai al ah, 3 
4 (eau) Ue) 2 a) a BaP Sah a SYS By 4s) ik 2 Te AM aL aap al ah aia TL Gt lee 4 
5 Td gal ae da] IG ay Te OP Gal zara Al al ey Ie a SH) oy al 18)) Gh gy) Pa) 5 
6 Coy Ue all ake 3] a le SR Gh PAPE OPO Ook Td OO Oe oa ae ail Ge 6 
a] TEAS PRO APO) PAs alll ee Pale SBS OF OL AUT Oe Atl) dal OD ail Pd Gil De vAl Gd ral Od io) a 
8 PPD Gl P48) 25 PA Se shat) wd a) PA acd] PR 7d OSA) OL NOON BC ey ail ey ail Be) 8 
9 220 |e 0|enO| 20d (enol 2. Sioa Oleos Olu. Lis. 2|eou2lt oo oll) 4lae4ies.ols. 6 9 
10 Pa teh PA teh PAO BEM Sy alll Be PA ir4) Bk Bip eh Al BE fas) BOG ee AA Bi Ce ey cul eh OV Zs (9) 10 
11 3h @/ ah all SE) Sh Sah A SR Gra sk VES See Smo) | eG) | ew Vey) awl 11 
12 3. 3} 3. 4) 3.5) 3.6) 3. 7| 3.8! 3. 9) 4.0) 4.1) 4.2) 431 44) 45) 46) 47) 48 12 
13 30) Sh Zl Sheil Sh DO ek) Ay a aia eh Sy eh AM ba ae Al ALS AR OM Ish, @H ta all) bh 4 13 
14 3. 8} 4.0) 4. 1) 4. 2) 4. 3) 4. 4) 4.6) 4 7] 4. 8) 4.9] 5.0] 5.1) 5. 2] 5.4] 5. 5) 5.6 14 
15 | 4.1) 4.2) 4. 4) 4 5) 4.6) 4.8) 4. 9) 5.0) 5.1) 5.2) 5.4) 5. 5) 5. 6) 5. 8) 5.9) 6.0 15 
16 4.4) 4.5) 4. 7| 4.8) 4.9} 5. 1] 5. 2) 5. 3) 5. 5) 5.6) 5. 7) 5.9] 6.0] 6. 1] 6. 3) 6.4 16 
17 AEN AE SSL a OY OAM] oa PAY Ge Noda) Ge, 74) ah a GS OP Gy UP Ge Al Cay 25] Xahetad) Ge vel, Gate 17/ 
18 9. 0} 5. 1)/-5. 2) 5. 4) 5. 6) 5. 7| 5.°8] 6. 0} 6. 2) 6.3] 6. 4) 6. 6) 6.8] 6. 9] 7.0) 7.2 18 
19 9, 2|) 5, 4| 9.15) 9.-7)| 5.9) 6. 0! 6. 2) 6. 3] 6.5) 6. 6) 6.8) 7.0) 7. 1) 7. 3) 7. 4) 7.6 19 
20 5. 5| 5. 7| 5. 8] 6. 0} 6. 2) 6. 3) 6. 5) 6. 7) 6. 8) 7.0) 7. 2| 7.3) 7. 5) 7. 7) 7.8) 8 0 20 
21 D5 tsi) sO) Ch) Ss Si) GS) CEG Oa) TAO) 7a ay ec Sela 767d) YAOI RO EO ee 21 
22 6. 0/6. 2) 6: 4! G6: 6) 6.8) 7. 0} 7. 2) 7.3) 7. 5) 7. 7) 7.9) 8 1) 8 2) 8. 4) 8.6) 8: 8 22 
Zz 6. 3] 6. 5) 6. 7] 6. 9} 7. 1) 7. 3) 7. 5) 7. 7) 7. 9} 8.0} 8 2) 8. 4) 8 6} 8. 8] 9.0) 9.2 23 
24 6. 6| 6. 8] 7. O} 7. 2| 7. 4) 7. 6} 7. 8) 8. 0] 8. 2] 8. 4) 8. 6] 8. 8] 9.0] 9. 2] 9. 4) 9.6 24 
25 629) 7. 1) 7.3) 7.5) 7. 7) 7.9) 8.18.3) 8. 5) 8. 8) 9: OF 9: 2) 9,419.6) 9. 8110.0 25 
26 7. 2) 7.4) 7.6} 7. 8) 8. 0) 8. 2) 8. 4] 8. 7) 8. 9} 9.1] 9. 3] 9. 5} 9. 8/10. 0/10. 2/10. 4 26 
27 7. 4| 7. 6| 7. 9} 8. 1] 8. 3) 8. 6] 8. 8} 9. 0} 9. 2) 9. 4) 9. 7] 9. 9/10. 1/10. 4/10. 6]10. 8 27 
28 7. 7| 7. 9) 8. 2| 8. 4) 8. 6) 8. 9} 9. 1} 9. 3) 9. 6] 9. 8/10. 0/10. 3/10. 5/10. 7/11. 0}11. 2 28 
29 8. 0} 8. 2| 8. 5} 8. 7) 8 9] 9. 2) 9.4) 9. 7) 9. 9]10. 2/10. 4/10. 6/10. 9)11. 1/11. 4]11. 6 29 
30 8. 2] 8. 5) 8. 8) 9. 0} 9. 2) 9. 5} 9. 8/10. 0/10. 2/10. 5/10. 8j11. O11, 2)11. 5/11. 8/12. 0 30 
31 8. 5} 8. 8] 9. 0} 9. 3) 9. 6} 9. 8/10. 1/10. 3/10. 6/10. 8/11. 1J)11. 4/11. 6/11. 9/12. 1/12. 4 Sil 
32 8. 8) 9. 1] 9. 3) 9. 6} 9. 9/10. 1/10. 4/10. 7/10. 9)11. 2/11. 5}11. 7/12. 0/12, 3/12. 5/12. 8 32 
33 9.1} 9. 4] 9. 6} 9. 9/10. 2)10. 4/10. 7/11. O}11. 3j11. 6/11. 8)12. 1]12, 4/12. 6/12. 9)13. 2 33 
34 9. 4| 9. 6} 9. 9/10. 2}10. 5/10. 8/11. 0/11. 3/11. 6/11. 9)12. 2)12. 5)12. 8/13. 0/13. 3/13. 6 34 
35 9. 6} 9. 9)10. 2/10. 5)10. 8)11. 1/11. 4/11. 7/12. 0)12. 2)12. 5)12. 8/13. 1/13. 4/13. 7/14. 0 35 
36 9. 9/10. 2)/10. 5/10. 8/11. 1/11. 4/11. 7/12, 0/12. 3)12. 6/12. 9/13. 2/13. 5)13. 8)14. 1/14. 4 36 
37 10. 2/10. 5)10, 8/11. 1/11. 4/11. 7/12. 0/12. 3/12. 6/13. 013. 3/13. 6/13. 9)14. 2/14. 5/14. 8 ot 
38 10. 4)10. 8/11. 1/11. 4)11. 7/12. 0/12. 4/12. 7/13. 0/13. 3/13. 6/18. 9)14. 2]14. 6/14. 9/15. 2 38 
39 10. 7|11. O]11. 4)11. 7/12. 0/12. 4/12. 7/13. 0/18. 3/13. 6/14. 0/14. 3/14. 6/15. 0/15. 3/15. 6 39 
40 11. O/11. 3/11. 7/12. 0/12. 3/12. 7/18. 0/13. 3/13. 7/14. 0/14. 3/14. 7/15. 0)15. 3/15. 7/16. 0 40 
41 11. 3)/11. 6/12. 0/12. 3/12. 6/13. 0/13. 3/13. 7/14. 0/14. 4/14. 7/15. 0/15. 4/15. 7/16. 1/16. 4 4] 
42 11. 6)11. 9)12, 2/12. 6/13. 0/13. 3/13. 6)/14. 0/14. 4/14. 7/15. 0/15. 4/15. 8/16. 1/16. 4/16. 8 42 
43 11. 8]/12. 2)12. 5/12. 9/18. 3/13. 6/14. 0)/14. 3/14. 7/15. 0/15. 4/15. 8/16. 1/16. 5/16. 8/17. 2 43 
44 12. 1/12. 5)12. 8/13. 2/13. 6/13. 9/14. 3/14. 7/15. 0/15. 4/15. 8/16. 1]16. 5/16. 9/17. 2/17. 6 44 
45 12. 4/12. 8/13. 1/13. 5/13. 9/14. 2/14. 6/15. 0/15. 4/15. 8/16. 1/16. 5/16. 9/17. 2/17. 6/18. 0} 45 
46 12. 6)13. 0/13. 4/18. 8/14. 2/14. 6/15. 0/15. 3/15. 7/16. 1/16. 5/16. 9/17. 2/17. 6/18. 0/18. 4 46 
47 12. 9/13. 3)13. 7/14. 1/14. 5/14. 9/15. 3/15. 7/16. 1/16. 4/16. 8/17. 2/17. 6/18. 0/18. 4/18. 8) 47 
48 13. 2/13. 6)14. 0/14. 4/14. 8/15. 2/15. 6/16. 0/16. 4/16. 8/17. 2/17. 6/18. 0/18. 4/18. 8/19. 2 48 
49 13. 5/18. 9/14. 3/14. 7/15. 1/15. 5/15. 9/16. 3/16. 7/17. 2/17. 6/18. 0/18. 4/18. 8/19. 2/19. 6 49 
50 13. 8/14. 2/14. 6/15. 0)15. 4/15. 8/16. 2/16. 7/17. 1/17. 5/17. 9/18. 3/18. 8/19. 2/19. 6/20. 0 50 | 
51 14. 0/14. 4/14. 9/15. 3/15. 7/16. 2/16. 6/17. 0/17. 4/17. 8/18. 3]18. 7/19. 1/19. 6/20. 0/20. 4 51 
52 14, 3/14. 7/15. 2/15. 6/16. 0)16. 5/16. 9/17. 3/17. 8/18. 2/18. 6/19. 1/19. 5}19. 9}20. 4/20. 8 52 
53 14. 6/15. 0/15. 5/15. 9/16. 3/16. 8/17. 2/17. 7/18. 1/18. 6]19. 0/19. 4/19. 9/20. 3/20. 8/21. 2 53 
54 14. 8/15. 3/15. 8)/16. 2/16. 6]17. 1/17. 6/18. 0/18. 4/18, 9/19. 4/19. 8/20. 2/20. 7/21. 2/21. 6 54 
55 15. 1]15. 6)16. 0/16. 5)17. 0/17. 4/17. 9/18. 3)18. 8/19. 2/19. 7/20. 2/20. 6 21. 1/21. 5/22. 0 55 
56 15. 4/15. 9/16. 3/16. 8/17. 3/17. 7/18. 2/18. 7/19. 1/19. 6/20. 1/20. 5/21. 0/21. 5/21. 9/22. 4 56 
57 15. 7/16. 2/16. 6]17. 1/17. 6/18. 0]18. 5/19. 0]19. 5/20. 0/20. 4/20. 9/21. 4/21. 8/22. 3/22. 8 57 
58 16. 0/16. 4/16. 9/17. 4/17. 9]18. 4/18. 8/19. 3]19. 8/20. 3/20. 8/21. 3/21. 8/22. 2/22. 7/23. 2 58 
59 16. 2/16. 7/17. 2/17. 7/18. 2]18. 7/19. 2/19. 7/20. 2/20. 6/21. 1/21. 6/22. 1|22. 6/23. 1/23. 6 59 
60 16. 5/17. 0/17. 5/18. 0/18. 5}19. 0/19. 5/20. 0/20. 5/21. 0/21. 5/22. 0/22. 5/23. 0/23. 5/24. 0 60 
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TABLE 19 


Speed, Time, and Distance 


Speed in knots 
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TABLE 19 


Speed, Time, and Distance 


Speed in knots 
Min- 


utes cae 
33.5 34.5 35.5) 36.0) 36.5] 37.0 38.5 
Miles | Miles | Miles | Miles | Miles | Miles | Miles | Mi iles | Miles | Miles | Miles | Miles 8 | Miles | Mile. 

1 0. 5| 0. 6} 0. 6) 0. 6} 0. 6) 0. 6} O. 0. 6| 0. 6} O. 6) O. 6] 0. 6} O. 6} 0. 6) O. 7] 0. 1 
2 ATH em a UN 1 ae) Ke Uh Pe I, iP IG PA aE a A Aes ap Ne au eek le ay ak. 2 
3 USGI eles Gielen (ileal erd|\ienilee gi aeelenss els Sie Slavsin be OO Or soe O22 a 
4 2, 2} 2. 2) 2. 2) 2. 3) 2. 3} 2.93) 2. PR EN DX AN Peal Pasta) 24, )) PAG Ps (jh We GO) 4 
5 ZA CU2eS laos Slee Ones OleOle 35 10) ah] Ge lll) as UN BAL Gh ia AL Bi, ai 83. 5 
6 3. 2} 3. 3) 3. 4) 3. 4.3. 4) 3. 5) 3. 3. 6] 3. 6) 3. 7) 3. 8) 3. 8) 3. 8) 3.9) 4.0) 4. 6 
vf 3. 8} 3.8] 3. 9] 4. 0) 4.0) 4, 1) 4: 4, 2) 4, 3] 4. 3) 4.4) 4.4] 4.5) 4.6) 4 6) 4. Tf 
8 4, 3} 4.4] 4. 5) 4. 5) 4.6) 4 7] 4. ASP 4945 Oo, 0 somlie on dil Omi onal oO: 8 
9 AO on Oleon Oo, Wilso. 2)! Ou) Oo: iy, 24) ay, Gl oy el GG) ae 7A) cell to tell ae OI) ey 9 
10 Di TOMO WeO OO! UimomGl On. Sin OF 6. 0} 6. 1} 6. 2) 6. 2} 6. 3) 6. 4) 6. 5} 6. 6) 6. 10 
11 6. 0} 6. 0} 6. 1) 6. 2) 6. 3) 6. 4) 6. 6. 6) 6.7) 6:8) 6:9) 790) 7. 1) 2) 2) 7. 11 
12 6.5] (6.696. 7| 6. 8ie6. 9) 7.0) 7. oA tS) te OP te GI te tA eo Sh 7 Oh 12 
13 ADA E OA EL, UE TST ee Hl 7, 7. 8| 7.9) 8.0) 8 1) 8 2) 8 3) 8 4) 8. 6 8. 13 
14 het ahh 7 SS SU oh PAL Bh, 8. 4| 8. 5} 8. 6) 8. 8} 8.9) 9.0) 9. 1) 9.2) 9. 14 
15 8. 1} 8. 2) 8. 4) 8 5) 8. 6) & 8 8. 9. O| 9. 1) 9. 2) 9. 4) 9. 5) 9. 6] 9. 8) 9. 9/10. 15 
16 8. 7| 8. 8) 8.9) 9. 1) 9. 2) 9. 3) 9. 9. 6} 9. 7) 9. 9)10. 0110. 1/10. 3/10. 4/10. 5 16 
17 9, 2| 9. 4) 9. 5) 9. 6} 9. 8) 9. 9/10. . 2/10. 3)10. 5/10. 6/10. 8/10. 9/11. 0/11. 2 17 
18 9. 8) 9. 9/10. 0/10. 2/10. 4/10. 5 . S11. O11. 111. 2/11. 4)11. 6/11. 7/11. 8 18 
19 . 3}10. 4/10. 6)10. 8/10. 9)11. 1 . Al11. 6/11. 7/11. 9/12. O12. 2/12. 4/12. 5 19 
20 bet AMT COM TLTUS AA NT SHI, ay] VT 74 . O12, 2)12. 8/12. 5/12. 7/12. 818. 0/13. 2 20 
21 . 4/11. 6/11. 7/11. 9/12. 1/12. 2 . 612. 8)138. 0118. 1/13. 3)18. 5/138. 6/13. 8 21 
22 . 9112. 1/12. 3)12. 5/12. 6/12. 8 . 2/13. 4/13. 6/13. 8/13. 9/14. 1)14. 3)14. 5 22 
23 . 612. 6/12. 8/13. 0/13. 2)13. 4 . 8/14. O14. 2)/14. 4/14. 6)14. 8)15. 0/15. 1 23 
24 . 0113. 2/13. 4/18. 6/13. 8/14. 0 . 4/14. 6/14. 8/15. 0/15. 2/15. 4/15. 6/15. 8 24 
25 . 0/18. 8/14. 0/14. 2)14. 4/14. 6 . O15. 2)15. 4)15. 6/15. 8/16. O)16. 2/16. 5 25 
26 . 1/14. 3/14. 5)14. 7/15. 0/15. 2 . 6/15. 8/16. 0)16. 2)16: 5/16. 7)16. 9/17. 1 26 
27 . 614. 8/15. 1)15. 3}15. 5/15. 8 . 2/16. 4/16. 6/16. 9)17. 1)17. 3/17. 6/17. 8 27 
28 . 2/15. 4/15. 6/15. 9)16. 1/16. 3 . 8/17. 0117. 3/17. 5)17. 7/18. 0118. 2/18. 4 28 
29 . 7/16. 0/16. '2)16. 4)16. 7/16. 9 . 4/17. 6/17. 9/18. 1/18. 4/18. 6)18. 8/19. 1 29 
30 . 2116. 5/16. 817. O17. 2117. 5 . 0118. 2/18. 5/18. 8)19. O)19. 2/19. 5/19. 8 30 
31 . 8/17. 0/17. 3)17. 6)17. 818. 1 . 6/18. 9)19. 1/19. 4)19. 6/19. 9/20. 2/20. 4 31 
32 . 3/17. 6/17. 9/18. 1/18. 4/18. 7 . 2/19. 5)19. 7/20. 0/20. 3/20. 5/20. 8/21. 1 32 
33 . 9/18. 2/18. 4/18. 7/19. 0/19. 2 . 8/20. 1/20. 4/20. 6/20. 9/21. 2/21. 4/21. 7 33 
34 . 4/18. 7/19. 0/19. 3)19. 619. 8 . 4/20. 7/21. 0/21. 2/21. 5/21. 8/22. 1/22. 4 34 
30 . 0119. 2}19. 5/19. 8/20. 1/20. 4 . 0/21. 3/21. 6/21. 9/22. 2/22. 5/22. 8/23. O 35 
36 . 5/19. 8/20. 1/20. 4/20. 7/21. 0 . 6/21. 9/22. 2/22. 5/22. 8/23. 1/23. 4/23. 7 36 
37 . 0/20. 4/20. 7/21. 0/21. 3/21. 6 . 2/22. 5/22. 8/23. 1/23. 4/23. 7/24. 0/24. 4 37 
38 . 6/20. 9/21. 2/21. 5/21. 3/22. 2 . 8123. 1/238. 4/23. 8/24. 1/24. 4/24. 7/25. 0 38 
39 . 121. 4/21. 8/22. 1/22. 4/22. 8 . 4/23. 7/24. 0/24. 4/24. 7/25. 0/25. 4/25. 7 39 
40 » 122. 0/22. 3/22. 7)23. 0/23. 3 . 0/24. 3/24. 7/25. 0/25. 3 CL . 0/26. 3 40 
41 , 2122. 6/22. 9/23. 2/23. 6)23. 9 . 6/24, 9/25. 3/25. 6/26. 0/26. 3/26. 6/27. 0 41 
42 . 8/23. 1)23. 4/23. 8/24. 2/24. 5 . 2/25. 6/25. 9/26. 2/26. 6/27. 0/27. 3/27. 6 42 
43 . 3/23. 6/24. 0/24. 4/24. 7/25. 1 . 8/26. 2/26. 5/26. 9/27. 2/27. 6/28. 0/28. 3 43 
44 . 8/24. 2/24. 6/24. 9/25. 3/25. 7 . 4126. 8/27. 1/27. 5|27. 9/28. 2/28. 6/29. 0 44 
45 . 4/24, 8/25. 1/25. 5/25. 9/26. 2 . 0/27. 4/27. 8/28. 1/28. 5/28. 9/29, 2/29. 6 45 
46 . 9/25. 3/25. 7/26. 1/26. 4/26. 8 . 6/28. 0/28. 4)/28. 8/29. 1/29. 5/29. 9/380. 3 46 
47 . 5/25. 8/26. 2/26. 6/27. 0/27. 4 . 2/28. 6)29. 0/29. 4/29. 8/30. 2/30. 6/30. 9 47 
48 . 0/26. 4/26. 8/27. 2/27. 6/28. 0 , 8/29. 2/29. 6/30. 0/30. 4/30. 8/31. 2/31. 6 48 
49 . 5/27. 0/27. 4|27. 8/28. 2/28. 6 . 4/29. 8/30. 2/30. 6/31. 0/31. 4/31. 8/32. 3 49 
50 . 1/27. 5/27. 9/28. 3/28. 8|29. 2 . 0/30. 4/30. 8/31. 2/31. 7/32. 1/82. 5/32. 9 50 
51 . 6/28. 0/28. 5/28, 9)29, 3/29. 8 . 6131. O)31. 4/31. 9)32. 3/32. 7/33. 2/33. 6 51 
52 . 2/28. 6/29. 0/29. 5)29. 9/30. 3 . 2131. 6/32. 1/32. 5/32. 9/33. 4/33. 8/34. 2 52 
53 . 7/29. 2/29. 6/30. 0/30. 5/30. 9 . 8132. 2/32. 7/33. 1/33. 6/34. 0/34. 4/34. 9 53 
54 . 2/29. 7/30. 2/30. 6/31. 0/31. 5 . 4132. 81383. 3/383. 8134. 2/384. 6/35. 1/385. 6 54 
55 9. 8/30. 2/30. 7/31. 2/31. 6/382. 1 . 0/33. 5/38. 9/34. 4/34. 8/35. 3/35. 8/36. 2 55 
56 [30. 3/30. 8/31. 3)/31. 7/32. 2/32. 7 ~ 6/34. 1|34. 5/35. 0/35. 5/35. 9|36. 4/36. 9 56 
57 . 9131. 4/31. 8/82. 3/32. 8/33. 2 . 2/34. 7/35. 2/35. 6/36. 1/36. 6/37. 0/37. 5 57 
58 . 4/31. 9/32. 4/32. 9/33. 4/33. 8 . 8135. 3/35. 8/36. 2/36. 7/37. 2/37. 7/38. 2 58 
59 . 0132. 4/82. 9/383. 4/383. 9/34. 4 . 4135. 9/36. 4/36. 9)37. 4/37. 9/38. 4/38. 8 59 
60 . 5/3838. 0/383. 5/34. 0/34. 5/35. 0 . 0136. 5/37. 0/37. 5/38. 0/38. 5/39. 0/39. 5 60 
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Conversion Table for Nautical and Statute Miles 


1 nautical mile=6,076.11548 . . . feet 


Nautical miles to statute miles 


TABLE 20 


1 statute mile=5,280 feet 


Statute miles to nautical miles 


lee Statute miles Nae Statute miles Statute miles A es: Statute miles eee 
1 Il, ssi 51 58. 690 J 0. 869 51 44. 318 
2, 2. 302 52 59. 841 2 1. 738 52 45. 187 
3 3. 452 53 60. 991 3 2. 607 53 46. 056 
4 4. 603 54 62. 142 4 3. 476 54 46. 925 
5 5. 754 55 63. 293 5 4. 345 55 47. 794 
6 6. 905 56 64. 444 6 5. 214 56 48. 663 
a 8. 055 57 65. 594 7 6. 083 57 49. 532 
8 9. 206 58 66. 745 8 6. 952 58 50. 401 
9 10. 357 59 67. 896 9 7. 821 59 51. 270 
11. 508 60 69. 047 10 8. 690 60 52. 1389 

12. 659 61 70. 198 11 9. 559 61 53. 008 

13. 809 62 71. 348 12 10. 428 62 53. 877 

14. 960 63 72. 499 13 11. 297 63 54. 746 

Om deat 64 73. 650 14 12. 166 64 55. 614 

17. 262 65 74. 801 5) 13. 035 65 56. 483 

18. 412 66 75. 951 16 13. 904 66 Die ood 

19. 563 67 ile MOP 17 14. 773 67 58. 221 

20. 714 68 78. 253 18 15. 642 68 59. 090 

21. 865 69 79. 404 19 16. 511 69 59. 959 

23. 016 70 80. 555 20 17. 380 70 60. 828 

24. 166 val 81. 705 21 18. 249 71 61. 697 

25. 317 72 82. 856 22 19. 117 72 62. 566 

26. 468 73 84. 007 23 19. 986 13 63. 435 

27. 619 74 85. 158 24 20. 855 74 64. 304 

28. 769 19 86. 308 25 21. 724 75 65. 173 

29. 920 76 87. 459 26 22. 593 76 66. 042 

31. 071 77 88. 610 27 23. 462 77 66. 911 

32, 222 78 89. 761 28 24. 331 78 67. 780 

33. 0/3 79 90. 912 29 25. 200 79 68. 649 

34. 523 80 92. 062 30 26. 069 80 69. 518 

35. 674 81 93. 213 31 26. 938 81 70. 387 

36. 825 82 94. 364 32 27. 807 82 ale 256 

37. 976 83 95. 515 33 28. 676 83 225) 

39. 127 84 96. 665 34 29. 545 84 72. 994 

40. 277 85 97. 816 35 30. 414 85 73. 863 

41. 428 86 98. 967 36 31. 283 86 74. 732 

42. 579 87 100. 118 37 32. 152 87 75. 601 

43. 730 88 101. 269 38 33. 021 88 76. 470 

44. 880 89 102. 419 39 33. 890 89 77. 339 

46. 031 90 103. 570 40 34. 759 90 78. 208 

47. 182 91 104. 721 41 35. 628 91 79. O77 

48. 333 92 105. 872 42 36. 497 92 79. 946 

49. 484 93 107. 022 43 37. 366 93 80. 815 

50. 634 94 108. 173 44 38. 235 94 81. 684 

51. 785 95 109. 324 45 39. 104 95 82. 553 

52. 936 96 110. 475 46 39. 973 96 83. 422 

54. 087 97 111. 626 47 40. 842 97 84. 291 

55. 237 98 LG 48 41. 711 98 85. 160 

56. 388 99 113. 927 49 42. 580 99 86. 029 

57. 539 100 115. 078 50 43. 449 100 86. 898 


TABLE 21 


Conversion Table for Meters, Feet, and Fathoms 
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ee Feet a Meters Feet een Feet | Meters || Feet | Meters pel Meters Hath Meters 

1 3. 28) 0.55)| 61 | 200. 13) 33. 36]] 1 0. 30)} 61} 18. 59] 1 1. 83)| 61 | 111. 56 

2 6. 56) 1.09|} 62 | 203. 41] 33. 90]] 2 0. 61]) 62] 18.90} 2] 3. 66)| 62 | 113. 39 

3 9.84) 1.64] 63 | 206. 69) 34. 45]) 3 0.91]; 63] 19. 20]] 3 5. 49]} 63 | 115. 21 

4 13.12) 2.19)| 64 | 209.97) 35. 00}} 4 1. 22)| 64) 19. 51]) 4 7. 32)| 64 | 117. 04 

5 16. 40} 2. 73/| 65 | 213. 25} 35. 54]) 5 1. 52|)} 65] 19. 81) 5 9.14)| 65 | 118. 87 

6 19,69} 3. 28)| 66 | 216. 54) 36. 09]] 6 1. 83]} 66} 20.12}) 6 | 10.97)| 66 | 120. 70 

7 22.97; 3. 83|) 67 | 219. 82) 36. 64] 7 2.13)| 67) 20. 421) 7 | 12. 80)| 67 | 122. 53 

8 26. 25} 4. 37|) 68 | 223. 10) 37.18]) 8 2.44); 68) 20. 73]] 8 | 14. 63]} 68 | 124. 36 

9 29. 53] 4.92!) 69 | 226. 38) 37. 73] 9 2. 74/| 69) 21.03) 9 | 16. 46)/ 69 | 126.19 
10 32. 81) 5. 47/| 70 | 229. 66) 38. 28]] 10 3. 05]| 70) 21. 341) 10 | 18. 29)| 70 | 128. 02 
11 36.09; 6.01] 71 | 232. 94) 38. 821) 11 3. 35|| 71) 21. 64]) 11 | 20.12)) 71 | 129. 84 
12 39. 37) 6.56)| 72 | 236. 22) 39. 37]| 12 3. 66) 72) 21. 95]] 12 | 21.95)| 72 | 131. 67 
13 42.65) 7. 11)| 73 | 239: 50} 39. 92]) 13 3. 96|| 73) 22. 25)] 13 | 23. 77)| 73 | 133. 50 
14 45. 93) 7. 66)| 74 | 242. 78) 40. 46]) 14 4. 27|| 74) 22. 56]) 14 | 25. 60)| 74 | 135. 33 
15 49. 21) 8. 20)| 75 | 246. 06) 41. 01]] 15 4. 57|| 75) 22. 86) 15 | 27. 43)| 75 | 137. 16 
16 52.49] 8. 75|| 76 | 249. 34) 41. 56]] 16 4, 88)| 76) 23. 16]/ 16 | 29. 26); 76 | 138. 99 
17 55. 77| 9. 30)| 77 | 252. 62) 42. 10]) 17 5.18]| 77) 23. 47)) 17 | 31.09)| 77 | 140. 82 
18 59.06} 9. 84)) 78 | 255.91) 42. 65}) 18 5. 49}| 78) 23. 77]) 18 | 32. 92)| 78 | 142. 65 
19 62. 34; 10. 39) 79 | 259.19} 43. 20]] 19 5. 79|| 79) 24. 08)) 19 | 34. 75)| 79 | 144. 48 
20 65. 62) 10. 94)} 80 | 262. 47| 43. 74]| 20 6.10), 80) 24. 38]/ 20 | 36.58) 80 | 146. 30 
21 68. 90} 11. 48)) 81 | 265. 75) 44. 29]) 21 6. 40]} 81] 24. 69]/ 21 | 38. 40)| 81 | 148.13 
22 72. 18} 12.03]| 82 | 269.03) 44 84]| 22 6. 71]| 82) 24. 99]/ 22 | 40. 23)| 82 | 149. 96 
23 75. 46} 12. 58]) 83 | 272. 31] 45. 38] 23 7.01|} 83) 25. 30]} 23 | 42.06)} 83 | 151. 79 
24 78. 74) 13. 12)| 84 | 275. 59) 45. 93}] 24 7. 32)| 84) 25. 60}) 24 | 43. 89); 84 | 153. 62 
25 82. 02) 13. 67|| 85 | 278. 87) 46. 48}) 25 7. 62)| 85} 25. 91]) 25 | 45. 72)) 85 | 155. 45 
26 85. 30) 14. 22); 86 | 282. 15} 47. 03}) 26 7. 92)| 86) 26. 21}) 26 | 47.55) 86 | 157. 28 
27 88. 58) 14. 76)| 87 | 285. 43) 47. 57|) 27 8. 23/| 87] 26. 521) 27 | 49.38) 87 | 159.11 
28 91. 86; 15. 31}) 88 | 288. 71) 48. 12)) 28 | 8. 53)| 88) 26. 82]) 28 | 51. 21); 88 | 160. 93 
29 95. 14) 15. 86); 89 | 291. 99} 48. 67]) 29 8, 84)| 89) 27. 13]] 29 | 53.04} 89 | 162. 76 
30 98. 43} 16. 40)| 90 | 295. 28) 49. 21]} 30 9. 14|| 90) 27. 431) 30 | 54. 86)| 90 | 164 59 
31 | 101. 71} 16. 95)} 91 | 298. 56) 49. 76} 31 9. 45|| 91] 27. 741) 31 | 56.69); 91 | 166. 42 
32 | 104. 99) 17. 50)} 92 | 301. 84| 50. 31}} 32 9. 75]; 92) 28.041) 32 | 58.52)| 92 | 168. 25 
33 | 108. 27) 18.04)| 93 | 305. 12) 50. 85]/ 33 | 10. 06/| 93) 28. 35}) 33 | 60. 35]) 93 | 170. 08 
34 | 111. 55} 18. 59]; 94 | 308. 40) 51. 40]) 34 | 10. 36)| 94) 28. 65] 34 | 62.18)| 94 | 171. 91 
35 | 114. 83) 19. 14)| 95 | 311. 68) 51. 95}) 35 | 10. 67)|| 95) 28. 96]) 35 | 64.01)| 95 | 173. 74 
36 | 118.11) 19. 69); 96 | 314. 96) 52. 49] 36 | 10.97]; 96) 29. 26)) 36 | 65. 84); 96 | 175. 56 
37 | 121. 39) 20. 23)| 97 | 318. 24) 53. 04]) 37 | 11. 28])) 97) 29. 57]] 37 | 67. 67)| 97 | 177. 39 
38 | 124. 67) 20. 78)| 98 | 321. 52) 53. 59]/ 38 | 11. 58)| 98) 29. 871) 38 | 69. 49])) 98 | 179. 22 
39 | 127. 95) 21. 33]; 99 | 324. 80} 54. 13]/ 39 | 11. 89]) 99) 30.18] 39 | 71.32), 99 | 181. 05 
40 | 131. 23) 21. 87|| 100 | 328. 08) 54. 68]) 40 | 12. 19/| 100) 30. 48)) 40 | 73. 15)| 100 | 182. 88 
41 | 134, 51} 22, 42) 101 | 331. 36) 55. 23}) 41 | 12. 50)/ 101] 30. 78]) 41 | 74. 98)) 101 | 184. 71 
42 | 137. 80) 22.97) 102 | 334. 65) 55. 77|] 42 | 12. 80/| 102) 31. 09}) 42 | 76. 81)| 102 | 186. 54 
43 | 141.08) 23. 51); 103 | 337. 93) 56. 32]) 43 | 13.11]| 103) 31. 39) 43 | 78. 64); 103 | 188. 37 
44 | 144. 36) 24. 06/| 104 | 341. 21) 56. 87]] 44 | 13. 41|| 104} 31. 70}] 44 | 80. 47/| 104 | 190. 20 
45 | 147. 64; 24. 61)| 105 | 344. 49) 57. 41]] 45 | 13. 72/| 105) 32. 0O}] 45 | 82. 30); 105 | 192. 02 
46 | 150. 92) 25. 15]; 106 | 347. 77| 57. 96] 46 | 14. 02); 106) 32. 31]} 46 | 84. 12|| 106 | 193. 85 
47 | 154. 20) 25. 70); 107 | 351. 05] 58. 51]| 47 | 14. 33)/ 107) 32. 61]] 47 | 85. 95|| 107 | 195. 68 
48 | 157. 48) 26. 25)| 108 | 354. 33] 59. O6]] 48 | 14. 63/| 108} 32. 92]] 48 | 87. 78) 108 | 197. 51 
49 | 160. 76) 26. 79]; 109 | 357. 61] 59. 60]] 49 | 14. 94]; 109/ 33. 22]) 49 | 89. 61|| 109 | 199. 34 
50 | 164. 04| 27. 34), 110 | 360. 89] 60. 15]| 50 | 15. 24|| 110} 33. 53]/ 50 | 91. 44) 110 | 201.17 
51 | 167. 32) 27. 89]; 111 | 364.17] 60. 70}} 51 | 15. 54) 111} 33. 83} 51 | 93. 27) 111 | 203. 00 
52 | 170. 60) 28. 43]; 112 | 367. 45) 61. 24]) 52 | 15. 85)/ 112) 34. 14]) 52 | 95.10) 112 | 204. 83 
53 | 173. 88] 28. 98]| 113 | 370. 73] 61. 79]] 53 | 16. 15)| 113) 34. 44]) 53 | 96. 93]) 113 | 206. 65 
54 | 177.17) 29. 53]| 114 | 374. 02} 62. 34]] 54 | 16. 46]/ 114] 34. 75]) 54 | 98. 76|| 114 | 208. 48 
55 | 180. 45) 30. 07)| 115 | 377. 30} 62. 88]] 55 | 16. 76)| 115} 35. 05)) 55 |100. 58); 115 | 210. 31 
56 | 183. 73] 30. 62); 116 | 380. 58] 63. 431] 56 | 17.07)! 116} 35. 36]| 56 /102. 41|) 116 | 212. 14 
57 | 187.01} 31.17|| 117 | 383. 86) 63. 98]| 57 | 17. 37|| 117] 35. 66]) 57 |104. 24) 117 | 213. 97 
58 | 190. 29} 31. 71)} 118 | 387. 14) 64. 52]] 58 | 17. 68/| 118) 35. 97]| 58 |106. 07]; 118 | 215. 80 
59 | 193. 57} 32. 26]| 119 | 390. 42) 65. O7|] 59 | 17. 98) 119) 36. 27]] 59 |107. 90|) 119 | 217. 63 
60 | 196. 85| 32. 81|| 120 | 393. 70] 65. 62]| 60 | 18. 29|) 120) 36. 58}] 60 |109. 73/| 120 | 219. 46 
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Height of eye above the sea, in feet 
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TABLE 22 
Dip of the Sea Short of the Horizon 


’ Height of eye above the sea, in feet 
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TABLE 24 


Altitude Correction for Atmospheric Pressure 


Pressure in inches or millibars—Subtract correction from sextant or rectified altitude 
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Declination (same name as latitude) 
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Numbers in italics indicate neeree approach to prime vertical 
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TABLE 25 
Meridian Angle and Altitude of a Body on the Prime Vertical Circle 


Declination (same name as latitude) 


Latitude 6° 9° 10° Le Latitude 
t t Alt t Alt. 
0 90. 0 Bo) . O 0) Pe . O 490.0 | 0.0 O | 0.0 490.0 | 0.0 0 
1 S80. 4 nO Sites 2 9 rie | eho eM) Cen eA 3 | 6.8 184.8 | 5.2 1 
2 70. 6 WO: ans) 6 ba 5 177. 3 |12.9 6 |11.6 979.7 |10.6 2 
3 60. 1 |30. 0 |64. 7 4168.1 |22.1 70.7 |19.5 7 117.6 W4. 4 |15.9 3 
4 48. 3 9 3 9 ee . 1 163. 8 \26.5 6 |23. 7 168.9 |\21. 4 4 
5 33. 7 fx) 6 (l 6 .8 156.5 |33.9 3 |30. 1 }63. 3 |27. 2 5 
6 0.0 FO Sd dl 26, 7 148. 4 41. 9 4 |387. 0 57. 3 |33. 2 6 
2 31.1 ral . O .0 nad 1 439; 2 \6l. 2 9 |\44. 6 150. 8 |39. 7 7 
8 41.6 ih sul val . 0 . 0 127.6 |62. 8 2 |563. 3 [43.7 |46. 8 8 
y) 48. 4 a) tee see ny) . 8 | 0.0 (90.0 126. 1 |64. 3 935. 4 |55. 1 9 
10 53. 4 .0 . 9 = 6 ae2, . 3 426. 1 |64.3 | 0.0 190.0 24.9 |65. 5 10 
iit 57. 3 . 2 8 Bh i, . 8 135. 4 (55. 1 $24.9 165. 5 | 0.0 190.0 11 
12 60. 4 Re x7 .9 . 6 . 0 f41. 8 |48. 8 [33.9 156. 6 23.9 166. 6 12 
13 62. 9 fei 9 eae. .o . 2 146. 7 |44. 1 140. 2 150. 5 [32.7 [58.0 13 
14 65. 1 AAG Bld) ee Bach . 1 (50. 6 |40. 3 145.0 145. 9 988. 8 152. 1 14 
15 66. 9 .8 rth al . 4 . 5 $53. 8 (37. 2 148. 8 |42.1 143.5 147. 5 15 
16 68. 5 es 7G) . 2 heh . 3 (56. 5 134. 6 152.1 139.0 147. 3 [43.8 16 
LF 69. 9 bd) 3 . 6 ao . 4 158. 8 132. 3 154. 8 136. 4 450. 5 |40. 7 17 
18 Gace .8 bike) 5 LA . 8 160. 8 (80. 4 [57.1 (84. 2 153. 3 [38.1 18 
19 72. 2 mid al a0 ao . 3 162. 6 (28. 7 459. 2 (32.2 155. 6 135. 9 19 
20 73. 2 .8 3 Ba) Ais) . 0 164. 2 |27. 2 J61.0 )30. 5 57. 7 |33.9 20 
21 74.1 a0 .3 9 .o . 9 165. 6 |25. 9 162. 7 |29.0 J59. 6 132. 2 21 
22 74.9 . 2 Ra) . 0 . 6 . 8 166.9 |24. 7 }64. 1 |27. 6 J61. 2 |30.6 22 
23 75. 7 bad Bis Be Pe . 9 168. 1 |23. 6 165. 5 |26. 4 [62.7 |29. 2 23 
24 76. 3 a) .0 4 .6 . O 69. 2 |22. 6 166. 7 |25. 3 [64.1 [28.0 24 
25 77.0 .3 AG . 8 . Oo . 2 470. 1 |21. 7 467. 8 |24. 3 J65. 4 |26. 8 25 
26 ano bie 4 Boll .3 . 5 F71. 1 |20. 9 168. 8 (23. 3 J66. 5 |25. 8 26 
27 Sa 3 el . 6 .0 .9 71. 9 |20. 2 169. 8 |22. 5 167.6 |24.9 27 
28 78. 6 . 9 . 6 . 0 ball . 2 972. 7 |19. 5 770. 6 |21. 7 168.6 |24.0 28 
29 om bs ae . 6 . 3 . 7 173. 4 |18. 8 F711. 5 |21. 0 J69. 5 |23. 2 29 
30 79. 5 bal ate al ao . 2 174. 1 118. 2 772. 2 |20. 3 470. 3 |22. 4 30 
31 79. 9 att ne Stl . 5 Beth | WLC | (Cs Sy | ele bs Pals Zé 31 
32 80. 3 4 ma 3 .0 . 2 175. 3 17. 2 173.6 119.1 J71. 9 21.1 32 
33 80. 7 eal Byal .9 as) 8 775.9 16. 7 974. 2 |18. 6 172.6 |20. 5 33 
34 81. 0 . 8 . Oo . 6 . 0 . 4 176. 4 |16. 2 $74. 8 |18. 1 $73.3 |20.0 34 
35 81. 4 . oO Rae) BiG: . 4 114.0 776.9 |15. 8 175. 4 117. 6 973. 9 |19. 4 35 
36 Sle PY Ke) . 0 5 7 77. 4 |15. 4 $76.0 |17. 2 $74. 5 118.9 36 
37 82. 0 . 0 . 6 ax Fs) .4 977.9 |15. 1 $76.5 116.8 775.1 18. 5 37 
38 82.3 | 9.8 Sb) 4 . 6 .1 478.3 |14. 7 $77.0 |16. 4 775.6 J18. 1 38 
39 82.5 | 9.6 a8 ie . 0 . 8 478. 7 |14. 4 177. 4 116.0 176. 1 J17. 6 39 
40 82.8 | 9.4 . 6 . 9 4 .5 779. 1 (14. 1 977.9 115. 7 776.6 {17.3 40 
4] seh ak | Dh mo “af ba . 2 479. 5 (13.8 $78.3 |15. 3 777.1 116.9 41 
42 83.3 | 9.0 Be . Oo .0 . 0 479. 9 |13. 5 $78. 7 |15. 0 77. 5 116. 6 42 
43 83. 5 | 8.8 .4 . 3 .3 . 8 480. 2 13. 3 179. 1 |14. 8 178.0 |16. 2 43 
44 83. 8 | 8. 7 al baal . 6 . 6 480. 6 13.0 979.5 |14. 5 178. 4 15.9 44 
45 84.0 | 8.5 . 9 | 9.9 no) . 4 980. 9 |12. 8 #79. 8 |14. 2 178. 8 |15. 7 45 
46 84.2 | 84 hier || ee) me, . 2 481. 2 |12. 6 80. 2 [14.0 79. 2 115. 4 46 
47 84.4 | 8.2 -41)9.6 Oo .O 481. 5 |12. 4 $80. 5 [13.7 779.6 {15.1 47 
48 84.6 | & 1 el Os: Savi . 8 481. 8 |12. 2 [80.9 113. 5 779.9 114.9 48 
49 84.8 | 8.0 Ash | O38} . 0 . 6 J82. 1 12.0 #81. 2 [13.3 480.3 [14.6 49 
50 84.9 | 7.8 ele OR 2 a2 . 5 182. 4 |11. 8 J81. 5 |13. 1 480.6 j14. 4 50 
52 ie? || Caio itd) |) Kost) ah . 2 182.9 }11. 5 #82. 1 |12. 7 $81.3 [14.0 52 
54 85.6 | 7.4 OM eSacg edd 9 [83.4 |11. 1 ]82.6 |12. 4 J81.9 |13. 6 54 
56 85.9 | 7.2 .2 | 85 . 6 7 183. 9 |10. 9 #83. 2 |12. 1 482.5 |13. 3 56 
58 SG2Zu ial ON Oats . 0 4 #84. 3 |10. 6 #83. 7 /11. 8 483.0 {13.0 58 
60 86.5 | 6.9 BG) |) fe 3 2 184.8 |10. 4 J84. 2 /11. 6 483.6 |12. 7 60 
65 87.2 | 6.6 Becta ihe Leth be 8 185.8 | 9.9 [85.3 |11.0 [84.8 |12. 2 65 
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TABLE 25 
Meridian Angle and Altitude of a Body on the Prime Vertical Circle 


Declination (same name as latitude) 
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Meridian Angle and Altitude of a Body on the Prime Vertical Circle 


Declination (same name as latitude) 


Latitude Latitude 
0 nO) Me) me) O nO .O 190.0 | 0.0 SOR One: nO, . O 0 
1 ne) 2 Sul 1 Pao: ee Sian eee a) Kl a0: he 1 
2 Bae) nO ae 2 no) .9 184.8 | 5.6 {85.0 | 6.3 ao) id 2 
3 ys io} me, 3 and Biot | Re || coh 2 me) 0 be ae 3 
4 m0) 0 are BA 9 cod | AL ae |e, nO BYE No) Pe 4 
5 ‘4. 4 lp Ett COplTGn D 8) 176. Slee 5 se Dail Le) 5 
6 acral Rte} 2 Pi Veer? 8 W774. 1 (17.0 W774. 9 He eT LOMO 6 
7 ie) ae ed P*9) 3 OWL, 8 \1959-472,.8 Xe) 2 a v 
8 es Oy Bre) ee ae .0 168.5 |\22. 9 0 No} bm ey) 8 
9 Wee} iA G! ate ae ~2 165.6 |\25. 9 9 wi wi |28..6 9 
10 fed 347 ue, ae, a0 . 68 162.7 |29.0 eld <6: 59) ee 10 
ik eed el x6) ae ae 9 159.6 |\82. 2 we 6 aes 4 11 
12 Laid 8) a) Pe ve. 4 166. 4 186.6 78 Sh Bo) pe 12 
13 ed ey ¢ 29 a SG: 1 153. 0 |88. 9 Be: 9 0 2 163 
14 a) Oj 6 0 8 ,O 149. 6 |42. 6 Bt) Bee a0 Hs 14 
15 4 |56. 9 |38. 9 |52.7 142. 6 \49. 2 145.7 146.2 148.5 |43.7 [60.9 |41.5 15 
16 OE Wor an] 6 me 0 B16 VIE 1 WO), Gr ao ~4 O. ao 16 
lid Peck el ao: 9 ae, SOY Me Nes He I eek nO) are) ee 17 
18 0) . O Ro} a 548) .6 132. 2 |59. 6 oo) nO a ad, 18 
19 as) eat A) . 0 9 . 2 126. 2 66.3 nO) L 4 Bes, HA 19 
20 8 6 9 PY . O . 0 118.5 |72. 6 se oD) 0 Be! 20 
21 ia hao . 2 .3 ed) .6 | 0.0 190. 0 2 el sot} no) 21 
22 ae 0) 9 . 4 nee . 9 418. 2 173. 1 . O . 0 9 Ds 22 
23 hell . 3 .8 4 .0 . 1 925. 3 66. 5 .9 3) . O NO 23 
24 jal 4 Be! BY 2 . 2 430. 4 i .8 eri 58) .9 24 
25 . 8 .0 4 4 NG . 0 734. 6 eC) 4 <0 6 25 
26 ee .8 ed! . 0 141. 7 .3 438. 1 mel 3 a5, . 0 26 
27 . 4 9 Ait) 8 4 9 ; nO . 6 a6 . 4 27 
28 a) ae . 6 .9 8 Bite) 15 no .0 . 3 28 
29 ei . 6 .6 a2 . O .9 . 2 6 m0) matt 29 
30 8 ee 4 . 6 . 9 2 iG . oO eG 4 30 
31 3 .9 . 0 bey Say .6 mL, mee Rast LS 31 
32 ats ue . 6 29 4 . 2 ad, . 0 2 nies 32 
33 . O . 6 20: sof .9 9 5 bi) ee ht) 33 
34 es os ee: . 6 3 AW! wee eel ~{) ao) 34 
35 4 5 () =D . 6 hal . 6 .8 hte Ne a?) 35 
36 4 fi ae . 6 .9 . 6 . 2 6 = 8) a Ht 36 
37 oO . 9 8 8 ra » (0) 6 saa) seid. rs) 37 
38 4 Ha 9 Ee) be edt 9 nO 5 ul 4 38 
39 me} 4 .8 te 3 29 gl ne 4 4 39 
40 2 wd, .8 . 4 1) ml 2 . 6 . 6 4 40 
41 a | nel, bre . 8 . 2 4 .3 .8 L ts) . 6 41 
42 18 a5) é3) Ll 4 Le so . 0 .9 Lee 42 
43 . 6 we) A) fs) 20 Pe 3 3 9 . 0 43 
44 . 3 4 a! 29 .9 oO io . 6 9 12 44 
45 .0 EQ) . 9 .4 dl 9 4 0) 9 oe 45 
46 ave 4 . 6 9 . 4 4 0 .4 betel 9 46 
47 4 . 0 3 4 2 9 .9 . 8 bo BI 47 
48 0 . 6 .9 .0 . 9 4 Her ae 5 Let 48 
49 nO 4 0 . 6 6 9 . 4 ite) 3 PA 49 
50 2, Hts hi ae, 4 25 2 a eal ef 50 
52 no tell 4 4 fs bo . 6 4 M6 eG 52 
54 nS es) 5 4) uh . 0 9 . 6 . 0 .9 54 
56 333 .9 . 6 i i tes 4 2 LO) 4 aril 56 
58 id Ay! +6) . 6 9 8 4 126. 2 20 4 58 
60 2 . 9 Bats) ml .9 no: 15 EG: . 8 8 60 
65 13 9 . 8 ik eD Lee! el 4 . 6 BS 65 
70 oe Pe . 8 3 4 13) ons) Pats) sl . 6 70 
75 0) Hed 5 Vf seh LA Nek. 8 8 0) 9 75 
80 sf 5e) HO) ha) be 3 19 4 Bh 4 80 
85 4 eal He) i a, el .0 mal .9 ea 85 


Numbers in italics indicate nearest approach to prime vertical 


162 


TABLE 26 


Latitude and Longitude Factors 
f, the change of latitude for a unit change in longitude 
F, the change of longitude for a unit change.in latitude 
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Latitude and Longitude Factors 
f, the change of latitude for a unit change in longitude 
F, the change of longitude for a unit change in latitude 
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Latitude and Longitude Factors 
f, the change of latitude for a unit change in longitude 
F, the change of longitude for a unit change in latitude 
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TABLE 26 


Latitude and Longitude Factors 
f, the change of latitude for a unit change in longitude 
F, the change of longitude for a unit change in latitude 
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TABLE 26 


Latitude and Longitude Factors 
f, the change of latitude for a unit change in longitude 
F, the change of longitude for a unit change in latitude 
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Latitude and Longitude Factors 
f, the change of latitude for a unit change in longitude 
F, the change of longitude for a unit change in latitude 
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TABLE 26 


Latitude and Longitude Factors 
f, the change of latitude for a unit change in longitude 
F, the change of longitude for a unit change in latitude 


Latitude 


Azimuth 
angle 


PWWOAPWWNNINE errs reOS SOS SS OSS Seoseesss| Sees eeessesesesesesiereeee 
‘ c 1 


0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
| 0. 
te 
1. 
Ie 
ih, 
il. 
i ef 
2. 
2. 
2. 
3. 
3. 
4. 
4, 
5. 
as 
9. 
4, 
8. 


ANWOaA Pwo! SoOSS|SSSSS|loOSSSS|SSSSS|SSSoSS|SSsoSS|sssess|sosose 
] I] - 
Wand OWNNN| HEHE SSO SlSOSSoSloSoSS|SSSSS|SSoSSS|SoSoS|sSeses|sosos 
q I~ 


FONT A OWNNN/ HoH PloSoSSloSOSS|SoSSoSoS|SSSOS|SSOoSS|SSoSS|SSSSS|\o99900 
q J 


iwi 
Nore 
Nor 
Nore 


—_— a 
ee eS ee | er aa ra [isp oy I DEH alsa gree MRC ROLES BO I Oe 


SSSSSSISSSSSISSSSSSR PPR PPR NINNNNN! WWW WIR) IB OV OU s S3] 100 cr 

] g ¢ 

SOESSSSSSSSS|SSSSS|FP PRP PP PRE N NIN NNN WCW COIR IR) OVS & >I] 000 ONS 
~ ] ‘ ¢ > > 1 


Se ee ee 8 re a ee BOOTED | ROTROIRS 00) C0 109 Fm He 8S S210 
ee on 8) INI RIN IS C00 SOU ORS HCO 


60° 66° 


Correction to latitude=f X error in longitude Correction to longitude=F error in latitude 


> 
i) 
° 


169 
Latitude 


SS9S°9 | SNHOWO | SNHOO | CHAMH | DORnNDOG | CHANAMH | HOH6SOK | KC HODD | COHAN | Awd [isis Son 
TITIAN | OO OD OD OD | SHH HHH | 1919191919 | 1919191919 || OWOOO | COGOOS | OOOOO | RErnKR | RKREKRR | XR RRR 
SANTOS | PANHO | OHHRS |] HODON |] COFAHH | FPNMMO | MORN | ANOCH | DONEKND | Maomo | worwoonr 
SSSSS |! Srrnrnr | rdodda|aadgcss | sons |] andes | ddidisis | isSOnN |KodoOS SSHNe | odin ch 
ae dae ae Seen een ae aA bee esihoee en Ihnen ANNNNN ANNNAIN 

DOM AM | HOOOHS | NHRAN | OWONH | OBAHE | PHONG | THORN | MOND] | MrHOoOH |] oOomnRMO!]RMMAN 
IMIMN1G GS | SSSSN | KKKKSA | AKGSS | ASSSS |] GHA | Sood | dHdiididis | SOONN BASSO | Gnosis 
snc Sea oon oe ian i Scalia iiaen tien ia Soon oe oe oe Sn on Boe Boe eet SRB NAN NANNA 

SANMDID | OPONH | Or ONWD | OOHMM | RONMMEK | OMErRAwD | MHHOD | NMMGH | DANO | waomodto!]nrHHaco 
1IN1919151D Jd GSSS | SSONKK | XK Hdd | SOSSSS | SSSHH | GANA | SSSA | dHidididcd CERES |ASHHN 
5 on on oe oe ih oe Seni oon oon Bh oon hol Se Bh co I oon i ee A ce oe coe co Se oe oe Be ANNNAN 

DOM DOS | ANMDHOM | MAME | ONMME | BAMND | OMNMOM | KnAAMHO | DHHOR | Moamn | HeOOMH | omaox 
Rene eee La SN a SO UN el Ie OM eoRl er esebeh “ch. (Us Wet ect Se ae rah eco IEG ate otaaee Wel tN) Meee raiis ben eo 1 | nee gen Tee ER bet OOP RN Grebe alice Ion mn A [te iy ok Siw ORO wll Poop Ome ced) a Om 
He SHO | 1919191919 | NOOO O | EEK K | KDHDDH | ABODSS | SSH | ANNAN | OOO | inid SSK | NK WOHOS 
rere Ress este De oe oe oe | Seer oon oe Bh oe oe So ce eB ce Bh Sn oe een heen | 

SATOH | OMOMH | NHOWMDS | NAOErDH | ONHODH | COMMON | DRAM | MKRONW | OPePHtrRO | HONKRGA | ONDOHH 
Sisto | Hts | ididisnidss | SSeSS | ANNNN | SOKO | SaaSSS | CGonHH AANA AS | Sodisiis | SOON 
reo Se ee ee coe oe Sn Et eh oe Bh oe hoe 5 a aoe cee oe Bh wea esters rs 

DOOM RD | OCANMH | OnMDON | HOrMWO | HMHOD | CNMWKrSO | MNOHWS | NHOMO | MNDHH | RHHON | CHOAR 
Ie yaw ae eer ee ety, | een Se eRe MoM <oieneh UR asc Seeman Teter logr aN tite ete et Gat, lig cee ee Le Ee ee ee Oe en Ree Pe ee AeA Raa OWA OC led et ewrCe hr eho m. a eke 
CO CI OD OD OD | HAHAH | HHtidid | 91d idigo | COODSHO | KKKKD | OHHWDOD | BHABAS | SOSSHA | HNN | OdHdtidid 
rm Se os Bh ee Be 5 oe coe Bh ee Be | Se oe Bh en coe 

SOTA | DIDO DW | BONMID | RPOROH | ANHIOr DO | ONHOMD | AMOK | RONHO | WDOMND | omnam |] KAMoON 
COD ODES oS | CSedededed | oomisidid | Hidididid | sisididad | OSSSS | NKKKN | XKKKHKH | KOSSddS |SOSSSH | HANS 


TABLE 27 


Amplitudes 


Declination 


Latitude 


170 


TABLE 27 
Amplitudes 
Declination 
Latitude Latitude 
GL0N| Grou Oleg Ae ScOM eco SO eOMNO co mL .OK LO xo s tO 
0 GHOMMGED 1) S7ON 7400 4820) Soro | 9, ORO WoO NOM TORS: | teleO 
10 GA WGHGN Se aie | Sank Sn6) || SO WO Gm TOR Oki | dete? 
15 G24) G7) at a SESS) SaS | Oesa| sOm en Oma MOO) iil: 
20 6.4 | 6.9 | 7.5 178.0 | 8.5 || 9.0 || 96 (TOT 110.6 j11.2 \115 7 
25 GHOn AQ ia NESNS al SHS ORAS TON OO Ro OMT Gn h2e2 
30 oy I Ze fs I Se AUN LER A |) OR PE sh al ZE lla, @ ilies ae alee 
32 ol Waa (Sad. Sao) Ome MOLOM MONG tele eleseeae oa O) 
34 aD A cOr | RSaron Ome | Ola OLS a OcO mewn 2emlen oa sad 
36 Cae SlOM TS a7 ORS gO 20M MO go a eee Stas hee 320: | loa6 
38 CAO SeoessO | Oe OMZ A TOSS ate ea wale ea rani: ee. 
40 exes Seay |) EOF | OS LOS tite a ah Ail gen alg, MESH I UTS Sch ake es 
42 Sl e85 On) Os LOM OSS a Tea ala ese ils om) lee laa 9D 
44 SO ONS Ome ea eo io Gals wes MeO etalon 
46 Sec | 94 LOSI TOSS On L2530 8 aO Nave TA ibe Non 9 
48 OO | 9.7 (ONS 12 2250 1253 sso W143) | 1501.8 11656 
50 OVA NTO TOSS Wei bs eon Aa WOR lS ie Geo lilies 
51 ONG LON | Tara 2, ON 2285) 138iG 44 S216; O 6.8" liza 7 
o2 erode OS Ch Zab OF aks e Ib WISE ZR 76 aby wey ale Elle Os alice a 
53 LOWOV MOSS] ele so SVAN 42 Sa TSO IMG e8. lial lhsao 
54 LOS ZA le 2s OES Sie AG i eA IG Soin Ii 2a | eed Sa 
55 1080) MA T2238 S2 5140 ASO bass Owed | iiaG | T8soe OA: 
56 HOVSH ie | L2G WSs ASA has Ore idence Sole | LO Os 2080 
Dd EL 2FON 2 O WSs wT Aes toa Gard ivarGn Sani tOso) 2085 
58 WEE NPE OL ley eile si Nils OF [nity AP Wl OF als, IE Ae WAG ae at aL 
59 WE 7h WialPere Vales ee illest 70 Wilda ie UGS recline ire VIM 7e NUS e IPAUR 70 PALE of 
60 12 Sa ae bE NIG IE 2 Ss 29S: (2003) |2a4 |2254 
61 1250 13) 5 | 1456 |15.'6 16.7 |1728 11828 19.9) 121.0) 122-1 12332 
62 12S 4 ON L520 U6. ie 2 S245 19% 5) 12056 2a? |2258 12450 
63 RS saa was MG Wl Oma bie o) | LOROn| 20029 Qias | 2275a2doan 24.09 
64 USFS] OF MGs QF feed) | sao) ON 7 |2089 322591 | 23e3524.6) 12538 
6550) M4 8515.5 116.8 118.0) 19) 2.12055 121.7 1230) 124.3 125.5 12628 |\28a1 129) 51 65:0 
Goroy HUAMOMN 5: Silla le Sis! 196) |20. 9122. 2\28e5 |2AnSal26.01 (2714 2800 1s0eb | 6o.10 
66) OT 4S OF NG 2a lie Ae Se 12050) 121293. 9122;, 6l23)9) |25435126..6 |2820 12944 130 al 6610 
66.5 ]15.2 |16.5 {17.8 |19. 1 |20. 4 |21. 8 |23. 1 |24. 5 |/25. 8 |27. 2 |28. 6 |/380.0 /31. 4 | 66.5 
COP TS SOM LOS Se 18225) 19 on 2009n| 2252 123565 25e00\ 26.45 2718) 12982) oO lS 2eale in (Oe 
Cfo: [1S 9 2 AS26195 9) (2312257 124.1 125.5) 127.0) (28.4 12959 |3ik4 132519) | 67.5 
CSTOP M62 i7aGn1OLO I 2OsAs OlSsel 2352 |2457 26a 206) 129. SONG 13252 138i OST 
68.5 ]16.6 |18.0 |19. 4 |20. 9 }22. 3 |23. 8 |25. 3 |26. 8 |/28. 3 |29. 8 |31. 4 1383. 0 |34. 6 | 68. 5 
O90" PT. OSS 4 WONGE D1 A 122.9) 124 74 125 295197.4 129.0) 180) 6138202 13358.185,.5) 1 69.40 
69.5 17. 4 |18. 9 |20: 4 121.9 |23. 4 125.0. |26. 5 |28. 1 |29. 7 131. 4 |33. 0 |34. 7 |36..4 | 69.5 
70.0 [17.8 |19. 3 |20. 9 |22. 4 |24. 0 |25. 6 |27.2 |28.9 130.5 |32. 2 |33.9 |385. 7 137. 4 | 70.0 
70.5 [18.2 |19. 8 |21. 4 23.0 |24. 6 |26.3 127.9 |29. 6 131.3 |33. 1 134.9 |36. 7 138.5 } 70.5 
C100) W857 12053512210) |23)6)12523) 127.0) 128.7 130. 5) 132.02) 13450 13589 (Si 8139s IO 
TL LOR ZE 2059) 2256) 24a cn 2OaONl Dia 8) 12005 aloe Sone (So. omaOnesaon 40.9) [alae 
TZ20 (LORS Zeon 23520259 On 26mse | 28e6n SOu4 |S2es0 34.02 Soi Ssat|4On2n 42e3 [ao n0) 
C2008 W208 |22aL }2Sn Onl Zone 127.16 294 |Slars 1S0n5 13005) (S108 (OOet Alo 4dr A) weno 
73.0 {20.9 /22. 8 |24. 6 |26. 5 |28. 4 |30. 4 132.3 |34. 4 |36. 4 |38. 6 |40.7 |43.0 |45. 3 | 73.0 
(3.0 {21.6 |23.5 125. 4 |27, 4 129. 3 131.4 188: 49135. 5 137. 7 139.9 |42.2 144.6 |4751 | 73.5 
74.0 |22.3 |/24.2 |26. 2 |28. 3 |30. 3 |32. 4 |34. 6 /36. 8 |39.0 |41. 4 |43. 8 |46. 3 |49.0 | 74.0 
74.5 {23.0 |25. 1 |27.1 |29. 3 |31. 4 133. 6 |35. 8 /38.1 |40. 5 [43.0 145.6 |48. 2 [51.1 | 74.5 
75.0 423. 8 |25.9 |28.1 130.3 |32. 5 (84. 8 137. 2 139.6 |42. 1 |44.8 |47.5 |50. 4 153.4 | 75.0 
75.5 [24.7 |26.9 |29. 1 |31. 4 133. 8 136. 2 138. 7 |41.2 |43. 9 |46. 7 |49. 6 152. 8 |56.1 | 75.5 
76.0 425.6 |27. 9 |30.2 |32.7 135.1 137.7 |40. 3-143..0 |45. 9 |48.°9 152. 1 155.5 159.3 | 76.0 
76.5 [26.6 |29.0 |31.5 |34. 0 /36. 6 /39. 3 |42.1 [45.0 148. 1 [51.3 |54. 8 |58. 7 163.0 | 76.5 
77.0 {27.7 130.2 |82. 8 |35. 5 |38.2 |/41.1 |44.1 [47.2 150.5 |54.1 |58. 0 |62. 4 167.6 | 77.0 


171 


TABLE 27 
Amplitudes 
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TABLE 27 
Amplitudes 
Declination 
Latitude Latitude 
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f the correction toward the elevated pole. 


For the sun, a planet, or a star, apply the correction to the observed amplitude in the direction away from the elevated 
For the moon apply hal 


pole. 
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Declination same name as latitude, upper transit: add correction to observed altitude 
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Declination contrary name to latitude, upper transit; add correction to observed altitude 
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Declination contrary name to latitude, upper transit: add correction to observed altitude 
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add correction to observed altitude 
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Declination same name as latitude, upper transit: add correction to observed altitude 


Declination same name as latitude, upper transit: 
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used for entering table 30 


Declination contrary name to latitude, upper transit: add correction to observed altitude 
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Declination contrary name to latitude, upper transit: add correction to observed altitude 
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Declination same name as latitude, upper transit: add correction to observed altitude 
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Declination same name as latitude, upper transit: add correction to observed altitude 
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TABLE 29 
Altitude Factor 
a, the change of altitude in one minute from meridian transit; 
used for entering table 30 
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Declination same name as latitude, lower transit: subtract correction from observed altitude 
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TABLE 29 
Altitude Factor 
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Declination same name as latitude, upper transit: add correction to observed altitude 
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Declination same name as latitude, upper transit: add correction to observed altitude 
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Declination contrary name to latitude, upper transit: add correction to observed altitude 


Declination same name as latitude, lower transit: subtract correction from observed altitude 
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TABLE 29 


Altitude Factor 
used for entering table 30 


a, the change of altitude in one minute from meridian transit; 


Declination same name as latitude, upper transit: add correction to observed altitude 


182 


i) 
© SANMHLIDOM OAD AIOAHNAMHIDORNWDRBIOHAMHDOKDAGIOHNM WOM OAOANAMDADILIDOLD-OBOTANM HhdOrWORS 
ey TOT IN NNN NIN NNN 1019 09 19 19. 0 019 019 019 019 OD [SH SH SH OSH OH IH OH OSH OH OH 119 19 19 19 191 19 19 1 1H 
| 
° SSSSSOFAAAA AHHH NINANANANMM MO HH HH Hid iD inlOoOOORK WDODADWOOTAAMHWIOrh- OHI are tO 
eS SA sds HH Sd lAWanan NAN 05 09 Jods HH Hid 
| 
° SA ANNAN AA 09 09 09 [09 09 09 SH HHH Hid inhoimDOo I~ PD WDADIDWOAANING HOP DOMODINOWOO 
GSU Da a eee ee wee ome wade reg cole Contes See dl ene ice Metre men URRY | eaeg inde omen neato liner tel neY Met Med Metaler anette elle tar ccc tes eT Mel ete ae: Mee ee | Mo iy eee) caer, Reuben bc, mc as 
pie) TSS SS SR RRR IRA HHH HANAN NIN ANNA NIN OOOO Hid io 
° TONNE ION I NI 019 019 019 019 0D OD SH SH SH SH HD [1919 19 1D W/O OKAKNK|WOWRRAOIOHNMM|HOKRWOIN 19D DO HOlD HH o 
5 SSS SS SS St SS Se oS oe FHA HNINANNANNINNNAN Sloot hsoN S 
o THN AIAN NINN O19 1019. CV OD CD OVD JOD SH SH SH HH 1D AD ID IDI OODOKN|WRKRWDOARIDROOCHHINMAHAMNO IR DWOONHIOOMR ID )LOo ° 
S SDD cD egg ee ee gee ge eee ee ge ee CC ANNAN AIA A 05 05 O95 fod HH Haid |Oor S 
NNN AN 1019 0D 03 C19 01D JC OD SH SH SH SH OH 1D 19 1D LOD IDO OO IOK EK WIORMARDOIOHANM/HNMOKR WOHMOWIND HRD 6 
FAAS HAAR RRA HHH HIB BHI HHH NINA IN NNW i OOOH Hidisclod i 
CNN OD OY O19 10D OD OD SH SH SH SH SH SH 9 [29 19 1919 | CO OLE | COW OW M|RDOODHHIN MM HIDIOKWAAIMNONNR OHO HHA 25 
SSA HHH HHH HH HH HH BHR BIH NNN NINA ANN Sl HHH id N od Ye) 
| 
OD OD CD CD OD | SH SH SH SH SH IH 2D 19D 1919 DO OOO IEE WH WD|ORARBODCIOCHANM/IMHAMIOKR|\DORHHNHIOANDO|OHON re 
RNA AAR AA HRHRHH AH IH HH NANIN ANNAN ANN Ni nolo HoHidhd ONG Ye 
I 
OD OD SH OSH OSH PSH SH SH LD 1D 19 19 OO DO CO OIE 10 WOW RMADIMDODHHAINAMAHAHIDOR WAIN HODO|H+HOMR\ORNr for eS 
RAR HHS RRR RHA HINA ANNAN NNN OO ol dHdididlona ~~] 20 
SHS SHH RD 89 1D 19 19. | OO OE [EP DH WW IMAAOO JOHANNA OD H HINO WORHON|MMOrOMIOOIINHIMN oD LD ox 
BASRA HAH RAAB HAHAHAHA NINN NNNINN AANA NN dl oo HH [Hid isc N |S OO} 19 
me 
SH SH 19 1919 1D 1D OD OIORNNE |CODDRAARMOOHHINAM ON H|in ID OK DONO 19 [P~ Dr HON C010 Hr |O 00 00.10 
FAR HAA AIH HHH IA NNNNINNNNAINNANN ANNAN ola wo tHHathd isn Sr adlo O18 
m= 
UD UD UD 1D. D |CO CO CO EP BS [EB HO OID OWNDOO [OHA AN1MD OH HiINDOLMWDRHOWHMAHOWDIOMOOAtIONMR RAH ANDO 
FH RH HA SHIR HN AINA NNN NNN NN NNN AN lo lH Ht Hid id|SoON GH Sis st 
re 
| 
IDO OOO P= P= PHIM WWHADIODOOM A AANM AH! HOO OL-|WDRDOTANIHOMANMONrMIOCOCNSO ~Onno# 
BHAA ABH AIA BAHAI NANN NIN ANNAN INANNN NINN oo Olas od od Hi Hid id SIM AGH Or did i 
ra 
CO OOP BS | BD OHM RBOOIORAANM OH HH iDIOOL- ODIO HANANHI~ AAMOl\OHMDINM| HOG NO tH Hoo 
SFR AB HI HNAINANNNINANN ANNAN AN lS os ood oslos ott thd is issn loan Sroeigad 
mo rH 
SANMAHIDORDAOCHAMHDORWDAOHAMHIDORWDAIOHNM IDO P= CO DIO MN OD H Mon walonacn+ 1D <O P~ C0 OD © 
TIN NN NN INN ANA [09 09 OD OD 0D 10D CD 0D OD CY) [SH SH SH SH OH IH SH HOH [AD UD LD LD LD JAD UD LD LD 1D CO 


Declination same name as latitude, upper transit: add correction to observed altitude 
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TABLE 29 
Altitude Factor 
a, the change of altitude in one minute from meridian transit; 


used for entering table 30 
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Declination contrary name to latitude, upper transit: add correction to observed altitude 
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Declination same name as latitude, lower transit: subtract correction from observed altitude 
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TABLE 30 


Change of Altitude in Given Time from Meridian Transit 


a 
tb 
q 
3 
q 
3 

ast 

us} 
= 
| 
oD 
A 
45) 


4m 208 | 4™ 408 


OD sh of SH 1d 


Ld 1D 1) OO 


4m 00¢ 


3” 408 


3™ 208 


3” 00* 


NANNN 


ID Or COD 


Om 202 | 0 408) 17008} 1” 208 | 1™ 40 | 2m 00# | 2m 208) 2™ 408 


NANNN 


185 


TABLE 30 


Change of Altitude in Given Time from Meridian Transit 
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TABLE 30 


Change of Altitude in Given Time from Meridian Transit 
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TABLE 30 
Change of Altitude in Given Time from Meridian Transit 
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TABLE 31 
Natural Trigonometric Functions 

om : . : ; Diff <-179° 

0 sin ee csc gos tan wane cot Pe sec 1’ cos Diff y 
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0 40. 00000 co 0. 00000 roo) = 1. 00000 1. 00000 60 
29 — 29 0 0 

1 | . 00029 3437. 75 . 00029 34387. 75 . 00000 . 00000 59 
2 | | 00058) 22 |1718. 87/228. 88) ° oo05) 32 |1718. 87/278 88)‘ oo000| | 00000) 8 | 58 
3 | . 00087 29 1145. 92 236 483 . 00087 29 1145. 92 236 484 00000 o|- 00000 0 o¢ 
4 1.00116 29 859. 437 171. 887 00116 29 859. 436 171. 887|_- 00000 0 |: 00000 0 56 
5 10. 00145 30 687. 550 114. 592 0. 00145 30 687. 549 114. 592 1. 00000 0 i. 00000 0 Do) 
6 | . 00175 29 572. 958 81. 851 00175 29 572. 957 81. 851 00000 o|: 00000 0 54 
7 | . 00204 29 491. 107 61. 388] - 00204 29 491. 106 61. 388 00000 ol: 00000 0 53 
8 | . 00233 29 429. 719 47. 747) ° 00233 29 429. 718 47. 747 00000 ol: 00000 0 52 
9 | . 00262 29 381. 972 38, 197|_ -.00262 . 00262 29 381. 971 38. 197 00000 0 |: 00000 0 iil 
10 j0. 00291 29 343. 775 31. 252 0. 00291 29 343. 774 31. 253 1. 00000 1 1. 00000 1 50 
Li 200320 29 SL2 523 26, 044] - 00320 29 Si 2aozt 26. 043 00001 0 0. 99999 0 49 
12 | . 00349 29 286. 479 22. 036) - 00349 29 286. 478 22. 037 00001 ol: 99999 0 48 
13 | . 00378 29 264. 443 18. 889g] - 00378 29 264. 441 18. 889 00001 ol: 99999 0 47 

14 | . 00407 29 245. 554 16. 370 . 00407 29 245. 552 16. 370 00001 0 |: 99999 0 46 | 
15 10. 00436 29 229. 184 14. 324 0. 00436 29 229. 182 14. 324 1. 00001 0 0. 99999 0 45 
16 | . 00465 30 214. 860 12. 639] - 00465 30 214. 858 12. 639 00001 Oilic 99999 0 44 
17 | . 00495 29 202, 221 1L. 234] - 00495 29 202. 219 11. 235 00001 o|: 99999 0 43 
18 | . 00524 29 190. 987 10. 052 00524 29 190. 984 10. 052 00001 ae 99999 1 42 
19 | . 00553 29 180. 935 9. 047 00553 29 180. 932 9. 047 00002 0 |: 99998 0 41 
20 |0. 00582 29 171. 888 8. 185 0. 00582 29 171. 885 8 185 1. 00002 0 0. 99998 0 40 
21 | . 00611 29 163. 703 7 441 00611 29 163. 700 7. 441 00002 ol: 99998 0 39 
22 | . 00640 29 156. 262 6 794 00640 29 156. 259 6. 794 00002 ol: 99998 0 38 
23 | . 00669 29 149. 468 6 227 00669 29 149. 465 6. 228 00002 ol: 99998 0 oF 
24 | . 00698 29 1438. 241 5 730 00698 29 143. 237 5. 730) 00002 1d 99998 1 36 
25 10. 00727 29 S76 fal 5. 289): 00727 29 TSie OU 5. 288 1. 00003 0 0. 99997 0 35 
26 | . 00756 29 SPA 2 py. vk 897] - 00756 29 132. 219 i 898 00003 ol: 99997 0 34 
27 | . 00785 29 IPA BPS 4. 547] ° 00785 30 a SPAl ri 547 00003 ol: 99997 0 33 
28 | . 00814 30 ZO ae ri 234] - 00815 29 122. 774 i 234 00003 1|- 99997 1 32 
29 | . 00844 29 118. 544 3 951): 00844 29 118. 540 3. 951 00004 0 |- 99996 0 31 
30 }0. 00873 2 114. 5938 3 696 0. 00873 29 114. 589 3. 697 1. 00004 0 0. 99996 0 30 
31 | . 00902 a 110. 897 3 466) ° 00902 29 110. 892 3 466 00004 ol: 99996 0 29 
32 | . 00931 29 107. 431 3 255 00931 29 107. 426 3 255 00004 ihe 99996 1 28 
33 | . 00960 29 104. 176 3 064 00960 29 104. 171 3 064 00005 ol: 99995 0 27 
34 | . 00989 29 101. 112 2 8890 00989 29 101. 107 2 8891 00005 0 |: 99995 0 26 
35 10. 01018 29 98. 2230 2. 7283 01018 29 98. 2179 2. 7284 00005 0 0. 99995 0 25 

36 | . 01047 29 95. 4947 2. 5808 01047 29 95. 4895 2. 5810 00005 rie ie 99995 1 24 | 
37 | . 01076 29 92. 9139 2. 4450 01076 29 92. 9085 2. 4452 00006 ol: 99994 0 23 
38 | . 01105 29 90. 4689 2. 3197 01105 30 90. 4633 2 3197 00006 Oo]: 99994 0 22 
39 | . 01134 30 88. 1492 2 2036 01135 29 88. 1436 2 2038 00006 rig) te 99994 1 21 
40 40. 01164 2 85. 9456 2. 0961 0. 01164 29 85. 9398 2. 0963 00007 0 0. 99993 0 20 
41 | . 01193 ee 83. 8495 . 9963 01193 29 83. 8435 7 9965 00007 o|: 99993 0 19 
42 | . 01222 29 81. 8532 7 9035 01222 29 81. 8470 ig 9036 00007 a Bi 99993 1 18 
Biss || UP 29 79. 9497 1. 8170 01251 29 79. 9434 1 8171 00008 ol: 99992 0 17 
44 | . 01280 29 Thee USPAZs 1. 7361|_- 01280 01280 29 78. 1263 L 7363 00008 ria le 99992 1 16 
“45 10. 01309) 59 |76. 3966) 1” G6p7/0- 01309] 59 |76. 3900) | geogli. 00009 4 |0. 99991| 4 | 15 
46 | . 01338 29 74. 7359 we 59001 ° 01338 29 74. 7292 1 5902 00009 0 |: 99991 0 14 
47 | . 01367 29 73. 1458 1 5937 . 013867 29 73. 1390 Ae 5939 00009 tae 99991 1 13 
48 | . 01396 29 (iaG6220 a 46161 ° 01396 29 le Oot L 4618 00010 ol: 99990 0 12 
49 | . 01425 29 70. 1605 1 4031)_-_01425 . 01425 30 70. 1533 i 4032 00010 epee 99990 1 11 
50 30. 01454 29 68. 7574 L 3481 0. 01455 29 68. 7501 1. 3482 1. 00011 0 0. 99989 0 10 
51 | . 01483 30 67. 4093 1 29631 - 01484 29 67. 4019 L 2964 00011 O.|; 99989 0 9 
52 | . 01513 29 66. 1130 1. 2473] ° 01513 29 66. 1055 L 2475 00011 od ie 99989 1 8 
dale Ol542 29 64. 8657 1 2011] ° 01542 29 64. 8580 1 2013 00012 ol: 99988 0 7 
Gy CONG Al 29 63. 6646 1. 1574) 01571 29 63. 6567 ia 1575 00012 (ate 99988 1 6 
55 |0. 01600 29 62. 5072 L 1161 0. 01600 29 62. 4992 1. 1163 1. 00013 0 0. 99987 0 39 
56 | . 01629 29 61. 3911 1 07701 ° 01629 29 61. 3829 7 0771 00013 |: 99987 1 4 
57 | . 01658 29 60. 3141 1. 03981 - 01658 29 60. 3058} 1 0399 00014 o|: 99986 0 3 
58 | . 01687 29 59. 2743 L 00451 - 01687 29 59. 2659 1. 0047 00014 1\- 99986 1 2 
59 | . 01716 2 58. 2698 0. 9711]. 01716 30 58. 2612 0. 9712 00015 o|- 99985 0 1 
60_ 0. 01745 9 57. 2987| ~ 0. 01746 57. 2900) ~~ 1. 00015 {0. 99985 0 
4 : : : 2 : j pt 
90°- cos oi sec oe cot ae tan we cs¢ ira sin 20 


Natural Trigonometric Functions 


TABLE 31 
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~ < po 
°o 
v 


=) 


. 01745 
. 01774 
. 01803 
. 01832 
. 01862 


. 01891 
. 01920 
. 01949 
. 01978 
. 02007 


CONDO FPWNrHO 
oO 


o 


. 02036 
. 02065 
. 02094 
. 02123 
. 02152 


. 02181 
. 02211 
. 02240 
. 02269 
. 02298 


. 02327 
. 02356 
. 02385 
. 02414 
. 02443 


. 02472 
. 02501 
. 02530 
. 02560 
. 02589 


. 02618 
. 02647 
. 02676 
. 02705 
. 02734 


. 02763 


. 02792 
. 02821 
. 02850 
. 02879 


. 02908 
. 02938 
. 02967 
. 02996 
. 03025 


. 03054 
. 03083 
. 03112 
. 03141 
. 03170 


. 03199 
. 03228 
. 03257 
. 03286 
. 03316 


. 03345 


. 03374 
. 03403 
. 03432 
59 | . 03461 
60 }0. 03490 


9392 
9090 
8800 
8526 
8263 
80138 
7774 
7545 
7326 
aly 


6917 
6724 
6540 
6364 
6193 


6031 
5874 
5723 
5579 
5439 


5305 
5175 
5050 
4931 
4814 


4702 
4595 
4489 
4389 
4291 


4198 
4105 
4018 
3932 
3849 


3769 
3691 
3616 
3543 
3472 
3403 
3337 
3271 
3209 
3148 


3088 
3030 
2975 
2920 
2866 


2815 
2765 
2716 
2668 
2622 


2576 
2533 
2489 
2448 
2407 


0 


01746 


. 01775 
. 01804 
. 01833 
. 01862 
0. 01891 
. 01920 
. 01949 
. 01978 
. 02007 


57. 2900 
56. 3506 
55. 4415 
54. 5613 
53. 7086 


. 8821 
. 0807 
. 8032 
. 0485 
49. 8157 


. 02036 
. 02066 
. 02095 


. 02124) ¢ 


. 02153 


. 1039 
. 4121 
. 7395 
. 0853 
. 4489 


. 02182 
. 02211 
. 02240 
. 02269 
. 02298 


45. 8294 
. 2261 
. 6386 
. 0661 
. 5081 


. 02328 
. 02357 
. 02386 
. 02415 
. 02444 


. 9641 
. 4335 
. 9158 
. 4106 
. 9174 


. 02473 
. 02502 
. 02531 
. 02560 
. 02589 


. 4358 
. 9655 
. 5059 
. 0568 
. 6177 


. 02619 
. 02648 
. 02677 
. 02706 
. 02735 


. 1885 
. 7686 
. 3579 
. 9560 
. 5627 


. 02764 
. 02793 
. 02822 
. 02851 
. 02881 


2 Leo 
. 8006 
. 4313 
. 0695 


. 02910 
. 02939 
. 02968 
. 02997 
. 03026 


. 03055 
. 03084 
. 03114 
. 03143 
. 03172 


. 03201 
. 03230 
. 03259 
. 03288 
. 03317 


. 03346 
. 03376 


ft 
pes 


— 
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TABLE 31 


Natural Trigonometric Functions 


. 03490 
. 03519 
. 03548 
. 03577 
. 03606 


. 03635 
. 03664 
. 03693 
. 03723 
. 03752 


. 03781 
. 03810 
. 03839 
. 03868 
. 03897 


0. 03926 
. 03955 
. 03984 
. 04013 
. 04042 


0. 04071 
. 04100 
. 04129 
. 04159 
. 04188 


. 04217 
. 04246 
. 04275 
. 04304 
. 04333 


0. 04362 
. 04391 
. 04420 
. 04449 
. 04478 


0. 04507 
. 04536 
. 04565 
. 04594 
. 04623 


0. 04653 ; 
- 04682 - 3369 
04711 0 "2049 
- 04740 : ; 0747 
_ 04769 . 9460 
- 04798 8188 
. 04827 : ; - 6932 
. 04856 : 5691 
- 04885 47 ; 4465 
04914 ; 3953 


. 04943 k L . 2056 
. 04972 ; : . 0872 
. 05001 ; : . 9702 
. 05030 : : . 8546 
. 05059 : : . 74038 
0. 05088] 5, |19. . 0508 9. 6273 
Oo? ; , O56 
. 05146 me: . 05 . 4051 
Ooi ; ’ . 2959 
. 05205 , : 1879 
. 05234 LO? | 19. 0811 


t 3 : : 
92°. cos ; ; ‘| tan 
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TABLE 31 


Natural Trigonometric Functions 


. 05234 : : . 0811 
. 05263 ; : . 9755 
. 05292 h : . 8711 
. 05321 F : . 7678 
. 05350 ; 2 . 6656 


. 05379 : ! . 5645 
. 05408 : ; . 4645 
. 05437 : é . 8655 
. 05466 : ‘ . 2677 
. 05495 : ‘ . 1708 


. 05524 ; : . 0750 
. 05553 : , . 9802 
. 05582 : " . 8863 
. 05611 3 : . 7934 
. 05640 : , . 7015 


. 05669 = t 17. 6106 
. 05698 : ; . 5205 
. 05727 ; ‘ . 4314 
. 05756 ; : . 8432 
. 05785 : ‘ . 2558 


. 05814 : ; . 1693 
. 05844 : : . 0837 
. 05873 : , . 9990 
. 05902 : ; . 9150 
. 05931 | ae : . 8319 


. 05960 : : . 7496 
. 05989 ; . . 6681 
. 06018 : . . 5874 
. 06047 ; : . 5075 
. 06076 : 3 . 4283 


. 06105 . L . 3499 
. 06134 : . . 2722 
. 06163 : : . 1952 
. 06192 : - . 1190 
. 06221 b 3 . 0435 


. 06250 ; L . 9687 
. 06279 ; 4 . 8945 
. 06308 : : . 8211 
. 06337 ; 4 . 7483 
. 06366 ; 5 . 6762 


. 06395 ; k . 6048 
. 06424 F : . 5340 
. 06453 : : . 4638 
. 06482 : . . 8943 
. 06511 : : . 3254 


. 06540 5 E . 2571 
. 06569 , ; . 1893 
. 06598 : ; . 1222 
. 06627 : : . 0557 
. 06656 3 é . 9898 


. 06685 ; E . 9244 
. 06714 : , . 8596 
. 06743 ; é . 7954 
. 06773 : : fell 
. 06802 : : . 6685 


. 06831 : j . 6059 
. 06860 5 : . 5438 
. 06889 ; ' . 4823 
. 06918 ; : . 4212 
. 06947 : ‘ . 3607 
. 06976 3 ; 14. 3007 


? ‘ : : 
93° 5 cos ; : ‘| tan 
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TABLE 31 


Natural Trigonometric Functions 


ie 
Et 
ae | 
ce | 
° 


. 99756 
. 99754 
. 99752 
. 99750 
. 99748 


. 99746 
. 99744 
. 99742 
. 99740 
. 99738 


. 99736 
- 99734 
. 99731 
. 99729 
99020 


0. 99725 
. 99723 
. 99721 
5 Oy) 
EAD 


. 99714 
. 99712 
. 99710 
. 99708 
. 99705 
. 99703 
. 99701 
. 99699 
. 99696 
. 99694 


. 99692 
. 99689 
. 99687 
. 99685 
. 99683 
. 99680 
. 99678 
. 99676 
. 99673 
. 99671 


. 99668 
. 99666 
. 99664 
. 99661 
. 99659 


. 99657 
. 99654 
. 99652 
. 99649 
. 99647 


. 99644 
. 99642 
. 99639 
. 99637 
. 99635 


. 99632 
. 99630 
. 99627 
. 99625 
. 99622 
bio 


. 06976 14, 3356 . 06993 
. 07005 - 216210) ec . 07022 
. 07034 2178 . 07051 
. 07068 . 1589 . 07080 
. 07092 . 1010 ” . 07110 


. 07121 14. 0435 . 07139 
. 07150) 56 113. 9865 . 07168 
. 07179 . 9300 . OF 197 
. 07208 O39 |e . 07227) | 
. 07237 5 fellesy] ee . 07256 


. 07266 13. 7631 . 07285 
. 07295 . 7084 . 07314 
. 07324 . 6541 . 07344 
. 07353 . 6002 . 07373 
. 07382 . 5468 . 07402 


. 07411 . 4937 . 07431 
. 07440} ° . 441) . 07461 
. 07469 . 3889 . 07490 
. 07498 ssi) 7 . 07519 
. 07527 . 2857 . 07548 


. 07556 13. 2347 0. 07578 
. 07585 . 1841) | . 07607 
. 07614 5 Use] y . 07636 
. 07643 . 0840) | . 07665 
. 07672 . 0346 . 07695 


. O7701 . 9855 . 07724 
. 07730 . 9368 . 07753 
. 07759 . 8884 . 07782 
. 07788 . 8404 . 07812 
. 07817 . 7928 . 07841 


. 07846 . 1455), . 07870 
. 07875 - 6986/7 , . 07899 
. 07904 . 6520 . 07929 
. 07933 . 6057 . 07958 
. 07962) 5¢ . 5598 . 07987 


. 07991 . 6142 0. 08017 ; 
. 08020 . 4690 . 08046) 5¢ . 4288 
. 08049 . 4241 . 08075 . 3838 
. 08078) 5¢ . 3795 . 08104 . 3390 
. 08107 . 83852 . 08134 . 2946 


_ € = ——— 


. 08136 . 2913 0. 08163 12. 2505 
. 08165 . 2476 . 08192 . 2067 
. 08194 . 2043) 4: . 08221) 9g, . 1632 
. 08223 . 1612 . 08251 . 1201 
. 08252 2 L185 . 08280 . 0772 


. 08281 2. 0761 0. 08309 . 0346 
. 08310 . 0340 . 08339 11. 9923 
. 08339 . 9921 . 08368 . 9504 
. 08368 . 9506 . 08397 . 9087 
. 08397 . 9093) | . 08427 . 8673 
. 08426 11. 8684 . 08456 11. 8262 
. 08455 . 8277 . 08485 . 7853 
. 08484 . 7873 . 08514 . 7448 
. 08513 . 7471 . 08544 . 7045 
. 08542 . 7073 . 08573) 5¢ . 6645 


. 08571 . 6677 . 08602 . 6248 
. 08600 . 6284) « . 08632 . 5853 
. 08629) 5 . 5893 ‘ . 08661 . 5461 
. 08658) 5¢ . 5505 . 08690 . 5072 
. 08687) 5¢ . 5120 : . 08720 . 4685 
. 08716 11. 4737 . 08749 11. 4301 


Q4°., cos ie - cot tan 
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a 
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TABLE 31 
Natural Trigonometric Functions 
om ; ; ' ; : <174° 
5 sin Diff. csc Diff tan Diff cot Diff sec Diff. cos : 
¥ 1 1 1 1 1 Diff, ¥ 
il’ 
0 |o. 08716 11. 4737] oc, |0. 08749 11, 4303/0 ( 00382 0. 99619 60 
1 | - 08745 5 4357 4 0878 2 3919 ee 00385 4 99617 . 59 
; Sean 20 || Segal 37 Wigaee S01] He taaley 307 ooseOe ae hee tahac |ke7 
4 | .08s31| 28] | 3931] 323 |“ ogge6| 29 | °2789| 374 | © oo392] 2 1 o9609] 2 | 56 
: 29 370 fe BO) | pues 372 etal bps op 2 
5 0. 08860) 9 [11.2861] 34g (0. 08895] 34 |I1. 2417| 34.5 |1. 00395) 5 |0. 99607] 55 
yaar eal deel heey eae se et | 
8 | .08947| 22 | - 1765] 363 | © oggg3] 22 | °i3i6/ 355 | oo403] 3 |. 99599| 3 | 52 
9 | .08976| 22 | . 1404, 36! | 9013] 39 | > 0954 362 | oo405| 2 |: 99596] 3 | 51 
8976 )(99 | 21404) viggg J 99 |: 360 3 |. % 2 
10 0. 09005} oo |11. 1045] 55, {0. 09042] 5, [11.0594] 3. |i. 00408] 5 Jo. 99594] 3 | 50 
11 | . 09034) 55 | 0689) 328 | ogo7i] 23 fir. 0237) 394 | 00411) 3 |. 99591| 3 | 49 
12 | . 09063) 55 |11. 0336] 325 | 09101] 3° J10. 9882| 325 |: 00413] 2 | | 99588] 3 | 48 
13 | . 09092] 55 |10. 9984) 342 | 09130] 29 | 9529] 323 | ‘oo416| 3 | | 99586) 2 | 47 
14 | 09121] 55 |_ 9635) 342 | 09159] 27 |‘ 9178] 385 | 00419] 3 | | 99583] 3 | 46 
15 10. 09150| 5. |10. 9288) ~~~ 10. 09189 10. 8829 00421 0.99580) 5 | 45 
16 | . 09179) 33 |. 8943 34, | . 09218 2) | |, B488tua ie ge | 00434 4 99578) 3 | 44 
17 | . 09208} 55 | - 8600] 348 | .09247| 2? | ‘8130] 345 | oo427| 3 99575) 3 | 43 
Hi) | CORT co] 1 S200lnikignn | CO027can | | uc7OMnLisqe ds. 00420]. 2 99572) 5 | 42 
5 “35058 29 ce Bes 5 Oana he ait ae aOaaE ; 0.99567 40 
f ey : : S a x : l 
21 | 09324 53 | .7251| 334 | 09365) 39 |. 67a3j 328 | ° 00438] 3 99564 ; 39 
22 | 09353) 59 | . 6919) 335 | 09394] 35 | 6450] 339 | 00440] 3 99562] 3 | 38 
3 | . 09382| 55 | . 6589] 339 | : 09423] 2? | ‘6118] 332 | 00443] 3 99559) 3 | 37 
24 | 09411] 59 |_. 6261} +328 |‘ o9453| 30 |_| 5789] 320 pus Sue ae HE 
25 10. 09440| 54 |10. 5935} 354 |0. 09482] 5, |10. 5462, 5, 2 Jo. 99553) 5 [35 
26 | . 09469| 54 | . 5611] 35 | 09511).28 | 5136] 328 | 00451) 2 |. 99551] 3 
27 | .09498| 55 | . 5289} 327 | 0541) 39 | | 4813} 323 | 00454] 3 | 99548] 3 | 33 
28 | . 09527] 99 | - 4969/49 | 095701 35 | - 4491] 319 | - 00457] 3 |. 99545) 3 32 
29 | . 09556] 55 |_. 4650, 312 | . 09600] 30 |. 4172) 312 | 00460) 3 |. : 3 
30 |0. 09585] 54 |10. 4334, 314 |0. 09629) 5, }10. 3854| 5.44 |. 00463] 5 |0. 99540) 5 | 30 
31 | .09614| 52 | . 4020] 315 |: 09658| 22 | 3538] 316 | oo4e5] 2 | 99587| 3 | 29 
32 | .09642| 55 | .3708) 317 | - og6ss| 30 | - 3224; 314 | 0046s] 3 | 99534) 3 | 28 
33 | 09671) 59 | 3397, 3og | 09717] 55 | - 2913] 31] | 00471} 5 |. 99531) 3 | 27 
34 | 09700] 59 |_. 3089] 39> |. 09746] 39 |_- 2602) 39g | 00474} 3 |. 9 2 
35 |0. 09729] 59 |10. 2782| 34. [0.09776] 54 |10. 2294| 354 |. 00477| 5 |0. 99526] 5 | 25 
36 | .09758| 55 | . 2477| 30> | . 09805] 33 | . 1988) 398 | 04g] 5 | . 99523) 3 | 24 
B74 , O9787l 55 |. 2174t24 85% |. 09834) (25 |. 1683]. 305 |. 0pse| 3 | . 995201" 3 | 23 
38 | 09816) 30 | . 1873 1 | 09864) 39 | 1381; 30? | 00485] 3 | - 99517] 3 | 22 
39 | ..09845 $5 |_.1573| 302 | - 09893 20 |_.1080| 3) | 00488} 3 | 99514) 3 | 21 
40 |0. 09874] 59 |10. 1275| 544 |0. 09923] 5 |10.0780| 54, |i. 00491] 5 [0.99511] 5 | 20 
41 | 09903] $5 | .0979} 2°@ | 09952] 23 | 0483) 337 | odo] 3 | . 99508) 9 | 19 
42 | 09932] 55 | .0685| 342 | | 09981| 2° 110.0187) p42 | 00497] 3 | . 99506] 3 | 18 
43 | 09961) 55 | - 0392] D571 | - 10011] 35 |9. 98031] 3594 | 00500] 5 | . 99503) 17 
44 | . 09990) 54 | 0101 9887 |. 10040] 3 |. 96007| 359g | 00503) 5 |. § eee 
45 10. 10019] 59 |9. 98123) 59-. |0. 10069] 3, |9. 93101) oeo9 |1. 00506) 3 [0. 99497) 5 
46 | 10048] $5 | . 95248) 287° | 10099] 30 | 90211 382° | oos09] 3 | . 99494 3 | 14 
47 |. 10077| 59 | 92889) de45 | - 10128] 39 | 87338] D855 | 00512) 5 |. 99491) 13 
49 | | 1013s] 22 | e729) 2825 |“ iores| 2° | cfteat| 28411 “oosis| 3 |‘ oo4se| 3 | 11 
: 30g Wess 2810 |— 9G" |: 2824 3 | Se ar 
50 0. 10164) 5, |. 83012) 5793 |0. 10216| 39 |9. 78817| Seog |I. 00521] 3 J0. 99482, 3 | 10 
51 | . 10192] 55 | 81119 3775 |. 10246] 55 |. 76009] 9799 | - 00524) 5 goa79| 3 | 9 
bay) (iozzilies| V7esdahose ie Po aoa75) 22) | as2umbeser. 27| 5] 90476) 3 | 8 
53 |. 10250) 54 | . 75579] S10F | - 10305] 55 |. 70441) 5767 |. 00530) 3 | . 99473| 3 | 7 
54 | . 10279] 55 | 72833) 5/55 |. 10334) 59 | 67680) 5427 | 00533] 3 | 99470) 5 : 
55 [0. 10308] 59 |9. 70103) 9716 0. 10363) 95 |9. 64935] 5739 |I- 00536) 3 0.99467) 3 | 5 
56 | - 10337] 95 | . 67387} 3799 | - 10393) 54 | - 62205] 9775 | -oo539] 3 | . 99464) 3 | 
57 | - 10366) 54 | -64687| dha | - 10422) 39 | 59490 Sigg | 00542) 3]. 99461] 3 | 3 
58 | . 10395] 55 | . 62002| 5955 | - 10452) 35 | 56791) S5gn | -00545| 3 | 99458) 3 | 2 
59 |. 10424) 55 | . 59332| S823 |. 10481] 59 |. 54106, S479 | 00548] 3 | 99455] 3 | 1 
60 10. 10453 9. 56677 0. 10510 9. 51436 00551 0. 99452 
+ ; Dig.) Lee ie. oF 
95°-> cos ps sec pt cot De, tan rit csc ‘iD sin \/e 4° 
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TABLE 31 


Natural Trigonometric Functions 


0 }0. 10453 . 56677 
aS . 54037 
Pec . 61411 
3 . 48800 
+ . 46203 


. 43620 
. 41052 
. 88497 
. 85957 
. 33430 


. 10742 9. 30917 
5 leet . 28417 
. 10800 . 25931 
. 10829 . 23459 
. 10858 . 20999 


. 10887 . 18553 
. 10916 . 16120 
. 10945 . 13699 
. 10973 . 11292 
. 11002 . 08897 


. 11031 . 06515 
. 11060 . 04146 
. 11089 . 01788 
5 HILT . 99444 
. 11147 eo lolen 


. 11176 . 94791 
. 11205 . 92482 
. 11234 . 90186 
. 11263 . 87901 
. 11291 . 85628 


. 11320 . 83367 
. 11349 . 81118 
. 11378 . 78880 
. 11407 . 76653 
. 11436 . 74438 


. 11465 . 72234 
. 11494 . 70041 
. 11523 . 67859 
. 11552 . 65688 
. 11580 . 63528 


. 11609 . 61379 
. 11638 . 69241 
. 11667 . 71138 
. 11696 . 54996 
. 11725 . 52889 


. 11754 . 50793 
. 11783 . 48707 
o eile . 46632 
. 11840 . 44566 
. 11869 . 42511 


. 11898 . 40466 
. 11927 . 38431 
. 11956 . 36405 
. 11985 . 84390 
. 12014 . 32384 


. 12043 . 80388 
. 12071 . 28402 
. 12100 . 26425 
. 12129 . 24457 
. 12158 . 22500 
. 12187 . 20551 
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(oe) 
QM 
° 


KZ 
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cos q sec 


195 


TABLE 31 


Natural Trigonometric Functions 


~ es 
° 
v 


o 


. 12187 
. 12216 
. 12245 
.. 12274 

. 123802 


. 12331 
. 12360 
. 12389 
. 12418 
. 12447 


. 12476 
. 12504 
. 12533 
. 12562 
. 12591 


. 12620 
. 12649 
. 12678 
. 12706 
. 12735 


. 12764 
. 12793 
. 12822 
. 12851 
. 12880) . 


. 12908 
. 12937 
. 12966 
. 12995 
. 18024 


. 138053 
. 13081 
. 13110 
. 13139 
. 138168 


. 138197 
. 18226 
. 13254 
. 13283 
. 138312 
. 13341 
. 13370 
. 13399 
. 13427 
. 138456 


0. 13485 
. 13514 
. 135438 
. 13572 
. 13600 


. 13629 
. 18658 
. 13687 
5 WEI 
. 138744 
. 13773 
. 13802 
. 13831 
. 13860 


Seaeneases 
Oo 


SPN WHOYODNOO 


RhQ> 
° 


t 
97° cos 


TABLE 31 
Natural Trigonometric Functions 
O- y 5 ° . j «171° 
8 sin et ‘| ese ert tan nae ‘| cot pie sec mt | cos lng y 
it 

0 10. 13917 7. 18530 0. 14054 ve ali ysir4 1. 00983 0. 99027 60 

1 |. 13946| 29 | ' 17046) 1485 | . 14084) 3° | 10038] t409 | . 00987] 4 | . 99023 4+ | 59 

23975 29 | - 15568 1472 | - 14113 30 | ° 08546 1487 | - 00991 ra 99019 4 58 

3 ] . 14004 29 . 14096 1466 | - 14143 30 | ° 07059 1480 | - 00995 4|- 99015 4 Bh 

4]. 140383 28 |: 12630 1459 |: 14173 99 |_- 05579 1474 |- 00999 5 | 99011 5 56 

5 10. 14061 29 76 DLA 1454 0. 14202 30 7. 04105 1468 1. 01004 4 0. 99006 4 55 

6 | . 14090 99 | - 09717 1448 | - 14232 30 |. 02637 1463 | - 01008 4\°- 99002 p 54 

7 1.14119 29 | - 08269 1441 |- 14262 29 7. 01174 1456 | - 01012 4|- 98998 4 53 

8 |] . 14148 99 | - 06828 1436 | - 14291 30 6. 99718 1450 | - 01016 rete 98994 4 52 

OR ee lyia 98 | 05392 1430 | 14321 30 |: 98268 1445 |: 01020 rite 98990 4 oul 
10 |0. 14205 29 7. 03962 1424 0. 14851 30 6. 96823 1438 1. 01024 5 0. 98986 n 50 
11 | . 14234 99 | 02538 1418 | - 14381 99 | 95385 1433 | - 01029 4a\- 98982 4 49 
12 | . 142638 29 7. 01120 1412 |- 14410 30 | - 93952 1427 | - 01033 ale: 98978 5 48 
13 | . 14292 28 6. 99708 1407 | - 14440 30 | - 92525 1421 | - 01037 4|- 98973 4 47 
14 | . 14820 29 |: 98301 1401 |: 14470 29 |: 91104 1416 | 01041 5 |: 98969 4 46 
15 10. 14849 29 6. 96900 1395 0. 14499 30 6. 89688 1410 1. 01046 4 0. 98965 4 45 
16 | . 14878 29 | - 95505 1390 | - 14529 30 | ° 88278 1404 | ° 01050 4\° 98961 4 44 
Wel. 14407, 29 . 94115 1384 | ° 14559 29 | - 86874 1399 | - 01054 5 |- 98957 4 43 
18 | . 14486 98 | - 92731 1379 | - 14588 30 | - 85475 1393 | ° 01059 4\°- 98953 i 42 
19 | . 14464 99 |: 91352 1373 |: 14618 30 | 84082 1388 |: 01063 4 | 98948 4 41 
90 10. 14493 29 6. 89979 1367 0. 14648 30 6. 82694 1382 1. 01067 4 0. 98944 4 40 
21 |. 14522 29 | - 88612 1362 |° 14678 29 | ° 81312 1376 |- 01071 5 |: 98940 4 39 
Q2lelAool 29 | - 87250 1357 |- 14707 30 | - 79936 1372 |- 01076 4\- 98936 5 38 
23 | . 14580 98 | - 85893 1351 |° 14737 30 | - 78564 1365 | 01080 4A 98931 4 37 
24 | . 14608 29 |: 84542 1346 |: 14767 99 |: 77199 1361 | 01084 5 |: 98927 4 36 
25 10. 14637 29 6. 83196 1340 0. 14796 30 6. 75838 1355 1. 01089 4 0. 989238 4 35 
26 | . 14666 99 | - 81856 1335 |- 14826 30 | - 74483 1350 |° 01093 ra he 98919 5 34 
27 | . 14695 28 | - 80521 1330 | - 14856 30 | - 73133 1344 | ° 01097 eile 98914 4 33 
2808. 14423 29 | - 79191 1325 |° 14886 29 | - 71789 1339 | - 01102 4\- 98910 4 32 
29 | . 14752 99 |: 77866 1319 |- 14915 30 | 70450 1334 |: 01106 5 |: 98906 4 3! 
30 |0. 14781 29 6. 76547 1314 0. 14945 30 6. 69116 1329 1.01111 4 0. 98902 5 30 
31 |] . 14810 98 | - 15233 1309 | ° 14975 30 | - 67787 1324 | - 01115 re tc 98897 4 29 
32 | . 14888 29 | - 73924 1304 | - 15005 29 | - 66463 1319 | - 01119 5 \- 98893 i 28 
33 | . 14867 29 | - 72620 1299 | - 15034 30 | - 65144 1313 |° 01124 ahs $8889 5 PH, 
34 | . 14896 99 |: 71321 1294 . 15064 30 |: 63831 1308 |: 01128 5 |: 98884 4 26 
35 10. 14925 29 6. 70027 1289 0. 15094 30 6. 62523 1304 1. 01133 4 0. 98880 4 25 
36 | . 14954 28 | - 68738 1284 | - 15124 29 | ° 61219 1298 | ° 01137 5|- 98876 5 24 
37 | . 14982 99 | - 67454 1278 | ° 151538 30 | - 59921 1294 | - 01142 4\°- 98871 4 23 
38 | . 15011 29 . 661756 1274 | - 15183 30 | - 58627 1288 | ° 01146 5 |- 98867 4 22, 
39 | . 15040 99 |: 64902 1269 |- 15213 30 |: 57339 1284 |: 01151 4 \: 98863 5 Pal 
40 }0. 15069 28 6. 68633 1264 0. 152438 29 6. 56055 1278 1. 01155 5 0. 98858 4 20 
41 | . 15097 29 | - 62369 1259 | ° T5272 30 | - 54777 1274 | ° 01160 4/- 98854 5 19 
42 | . 15126 99 | ° 61110 1255 » 15802 30 |: 53503 1269 | ° 01164 5\- 98849 4 18 
43 |palolos 99 | - 59855 1249 |- 15332 30 |: 52234 1264 | - 01169 ria e 98845 4 17 
44 |] . 15184 98 |: 58606 1245 |- 15362 29 |- 50970 1260 |- 01173 5 |: 98841 5 16 
45 |0. 15212 29 6. 57361 1240 0. 15391 30 6. 49710 1254 1. 01178 A 0. 98836 4 15 
46 | . 15241 29 | - 56121 1235 | - 15421 30 | - 48456 1250 | ° 01182 5 |: 98832 5 14 
AT | . 15270 29 | - 54886 1231 |° 15451 30 |: 47206 1245 | - 01187 rte 98827 4 is? 
48 | . 15299 98 | - 53655 1226 | - 15481 30 | - 45961 1241 |° 01191 sate 98823 5 12 
49 | . 15327 99 |: 52429 1221 |: 15511 29 |: 44720 1236 |: 01196 4 |- 98818 4 alal 
50 10. 15356 29 6. 51208 1217 0. 15540 30 6. 438484 1231 1. 01200 5 0. 98814 5 10 
ol |). 15885 99 | - 49991 1212 |- 15570 30 | - 42253 1227 | ° 01205 4° 98809 4 9 
aya | a isyealr! 28 | - 48779 1207 | - 15600 30 | - 41026 1222 | ° 01209 5 |: 98805 5 8 
53 | . 15442 99 | - 47572 1203 | ° 15630 30 | - 39804 1217 |- 01214 a hig 98800 4 7 
54 : 15471 99 |: 46369 1198 15660 29 |: 38587 1213 |- 01219 41: 98796 5 6 
55 10. 15500 29 6. 45171 1194 0. 15689 30 6. 37374 1209 1.01223 5 0. 98791 p 5 
56 | . 15529 98 | - 43977 1190 | - 15719 30 | - 36165 1204 | - 01228 5 |: 98787 5 4 
57 | . 15557 99 | - 42787 1185 |° 15749 30 | - 34961 1200 |° 01233 4\°- 98782 4 3 
58 | . 15586 99 | - 41602 1180 |° 15779 30 | - 33761 1195 |- 01237 5 |- 98778 5 2 
59 | . 15615 98 | - 40422 1177 15809 99 | - 32566 1191 |. 01242 5 1: 98773 4 1 
60 0. 15643 6. 39245 0. 15838 6.31375 1. 01247 0. 98769 0 
nN ; s : : ; rN 
98°. cos ae sec Cae cot oe tan nie csc Rie sin DINg1° 
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TABLE 31 
Natural Trigonometric Functions 
go> : : : © ° 
o sin A csc cae tan a cot ie sec pe cos ite 
1’ 
0 10. 15643 6. 39245 SonUaloses Guo lao 1. 01247 0. 98769 60 
d | MAEOTQIRC, [A BROTB Ey ye [wl SECS 3p | pa0tsel: sage (noleeiles. | sosned|*” | 59 
PAA SAO 29 36906 1163 15898 30 29007 1178 01256 5 98760 5 58 
Sol eeloneO 28 | - 35743 1159 |- 15928 30 | - 27829 1174 01261 4 98755 4 57 
4].15758 29 |: 34584 1155 | 15958 30 | 26655 1169 01265 5 | 98751 5 56 
5 10. 15787 29 6. 33429 1150 0. 15988 29 6. 25486 1165 1. 01270 5 0. 98746 5 55 
6]. 15816 99 | - 32279 1146 16017 30 24321 1161 |° 01275 Z 98741 4 54 
© | aloes 98 31133 1142 16047 30 23160 iteveutc 01279 5 98737 5 53 
8 | . 15873 99 | - 29991 1138 | ° 16077 30 | - 22003 1152 | - 01284 5 98732 4 52 
9 | . 15902 29 . 28853 1134 |— 16107 30 |- 20851 1148 01289 5 98728 5 ial 
10 JO. 15931 28 6. 27719 1129 0. 16137 30 6. 19703 1144 1. 01294 4 0. 98723 5 50 
it | Se 15959 99 | - 26590 1126 |- 16167 29 |: 18559 1140 |- 01298 5 98718 4 49 
12 | . 15988 99 | - 25464 1121 |° 16196 30 | - 17419 1136 | ° 01303 5 98714 5 48 
bS by 16017 99 | - 24343 1117 | 16226 30 1° 16283 1132 | ° 01308 5 98709 5 47 
14 | . 16046 98 |- 23226 1113 |— 16256 30 | 15151 1128 . 01313 a 98704 4 46 
15 |0. 16074 29 Ga22S 1109 0. 16286 30 6. 14023 1124 1. 01317 5 0. 98700 5 45 
16 | . 16103 29 |: 21004 1106 | ° 16316 30 | - 12899 1120 01322 5 98695 5 44 
1 | Kiley 98 | - 19898 1101 |° 16346 30 | - 11779 1115 01327 5 98690 4 43 
18 | . 16160 99 | - 18797 1097 16376 29 10664 1112 01332 5 98686 5 42 
19 | . 16189 29 17700 1093 16405 30 09552 1108 01337 5 98681 5 41 
20 0. 16218 28 6. 16607 1090 0. 164385 30 6. 08444 1104 1. 01342 4 0. 98676 5 40 
2b he 16246 99 | - 15517 1085 | ° 16465 30 | - 07340 1100 | - 01346 - 98671 4 39 
22 | 6275 99 |: 14432 1082 | ° 16495 30 | - 06240 1097 |° 01351 5 98667 5 38 
23 | . 16304 29 13350 1077 16525 30 05143 1092 |: 01356 5 98662 5 By 
24 | . 16333 28 12273 1074 16555 30 04051 1089 01361 5 98657 5 36 
25 |0. 16361 29 6. 11199 1070 0. 16585 30 6. 02962 1084 1. 01366 5 0. 98652 A 35 
26 | . 16390 29 | - 10129 1067 | ° 16615 30 . 01878 1081 | ° 01371 5 98648 5 34 
27 | . 16419 98 |° 09062 1062 | - 16645 29 6. 00797 1077 01376 5 98643 5 33 
28 | . 16447 29 | - 08000 1059 | ° 16674 30 5. 99720 1074 01381 5 98638 5 32 
29 | . 16476 29 |_- 06941 1055 16704 30 98646 1070 01386 5 98633 4 31 
30 }0. 16505 28 6. 05886 1052 0. 16734 30 5. 97576 1066 1. 01391 y 0. 98629 5 30 
ou) 1. 16533 99 | - 04834 1047 | - 16764 30 | - 96510 1062 | ° 01395 5 98624 5 29 
o2 | 2 16562 99 | - 03787 1044 | - 16794 30 | - 95448 1058 | ° 01400 5 98619 5 28 
33 | . 16591 29 02743 1041 16824 30 94390 1055 01405 5 98614 5 27 
34 | . 16620 28 01702 1036 16854 30 93335 1052 | 01410 5 98609 5 26 
35 10. 16648 29 6. 00666 1033 0. 16884 30 5. 92283 1047 1. 01415 5 0. 98604 4 25 
36 | . 16677 29 5. 99633 1030 16914 30 91236 1045 01420 5 98600 5 24 
37 | . 16706 28 | - 98603 1026 16944 30 90191 1040 01425 5 98595 5 23 
38 | . 16734 29 97577 1022 16974 30 89151 1037 01430 5 98590 5 22 
39 | . 16763 29 96555 1019 17004 29 88114 1034 01435 5 98585 5 21 
40 |0. 16792 28 5. 95536 1015 0. 17033 30 5. 87080 1029 1. 01440 5 0. 98580 5 20 
41 | . 16820 29 94521 1012 17063 30 86051 1027 01445 5 98575 5 19 
42 | . 16849 29 93509 1008 17093 30 85024 1023 01450 5 98570 5 18 
43 | . 16878 28 92501 1005 17123 30 84001 1019 01455 5 98565 4 iGyy 
44 | . 16906 29 91496 1001 17153 30 82982 1016 01460 6 |— 98561 5 16 
45 |0. 16935 29 5. 90495 998 0. 17183 30 5. 81966 1013 1. 01466 5 0. 98556 5 15 
46 | . 16964 28 89497 995 | - L213 30 80953 1009 01471 5 98551 5 14 
47 | . 16992 29 88502 991 | ° 17243 30 79944 1006 01476 ia 98546 5 ie 
48 | . 17021 29 87511 987 Wi 2me 30 78938 1002 01481 5 98541 5 12 
49 | . 17050 28 86524 985 17303 30 77936 999 01486 5 98536 5 11 
50 0. 17078 29 5. 85539 981 0.17333 30 5. 76937 996 1. 01491 5 10. 98531 5 10 
Se eel O7, 29 84558 977 17363 30 75941 992 | ° 01496 5 98526 5 9 
O22 las 28 83581 975 17393 30 74949 989 | - 01501 i 98521 5 8 
53 | . 17164 29 82606 971 17423 30 73960 986 01506 6 98516 5 if 
OA el 198 29 81635 968 17453 30 72974 982 01512 5 | 98511 5 6 
55 |0. 17222 28 5. 80667 964 0. 17483 30 5. 71992 979 1. 01517 i 0. 98506 5 5 
56 | . 17250 29 | - 79703 961 13 30 71013 976 01522 . 98501 5 4 
By) een (209 29 | - 78742 959 | - 17543 30 | - 70037 973 | ° 01527 98496 5 3 
58 | . 17308 28 | - 77783 954 |- 17573 30 | - 69064 970 | - 01532 5 98491 5 2, 
59 | . 17336 29 76829 952 17603 30 68094 966 |: 01537 6 98486 5 1 
60 }0. 17365 Dosw 0. 17633] * 5. 67128 1. 01543 0. 98481 0 
t ; t 
99°., cos a sec | P ie cot me tan ie ese a sin DBO? 
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TABLE 31 
Natural Trigonometric Functions 
oO» 4 ; . * j -169° 
10 sin en csc pe tan ae cot ae sec at cos |i, ¥ 
1’ 
0 lo. 17365 5. 75877 0. 17633 67128 1. 01543 0. 98481 60 
28 948 30 963 5 5 
1 | . 17393) 28 |; 74920 98 | . 17663; 3° | 66165] 965 | 01548] 2 | . 98476] 2 | 59 
2). 17422 73983 "17693 " 65205 "01553 "98471 58 
31 17451| 291° 73041 942 | | 17723] 30 | | 64248] 95% | 01558] 2]. 98466! © | 57 
4 | . 17479) 28 | : 72102 eee 17753 ah " 63295 Bee 01564 : 98461 3 56 
5 10. 17508 5. 71166 0. 17783 62344 1. 01569 0. 98455 55 
6 | .17537| 22 | . 70234} 2932 [| 17813] 39 | 613907| 942 | 01574) 21: 98450) 2 | 54 
7 1.17565) 28 | < 69304, 939 | ° 17843] 39 | 60452] 245 | ‘o1579| 5]. 98445) © | 53 
3 | .17594| 29 | | 68377; 92% | | 47873] 39 | (59511; 241 |‘ o1sss} ©& |: 98440; 2 | 52 
9 | . 17623 ae 67454 fae "17903 a 58573 ce "01590 : "98435 3 51 
10 |0. 17651) 5 5. 66533| 4,7 |0. 17933] 3, [5. 57638| gg |1. 01595] ¢ [0.98430] 5 | 50 
11 | . 17680 65616 17963 ' 56706 "01601 " 98425 49 
12 | 17708] 28 | ° 64701} 2915 | ° 17993] 3° | ° 55777] 929 | ‘o1606/ %| | 98420] 2 | 48 
13 | .17737| 29 | ° 63790| 911 | ‘1g023] 30 | ° 54951] 926 |< o1611] 5 | 2 98414] © | 47 
14 | | 17766 A " 62881 ae 18053 Be 53927 oon 01616 3 " 98409 g 46 
15 |0. 17794| 59 |5. 61976| G9 |0. 18083] 3, [5.58007] 9,7 |1.01622] , |0. 98404] © | 45 
16 | . 17823 61073 "18113 "52090 "01627 98399 44 
17 | . 17852] 29 | © 60174 899 | © 19143] 39 | > 51176] 214 | ‘ o1633} ©]: 98304) 5 | 43 
18 | _17880| 28 |‘ 59077] 897 | °18173| 39] - 50264} 2912 | | o163s] © | | 983890] 2 | 42 
19 | | 17909 ce " 58383 oan "18203 oP 49356 Gor -01643| @ | . 98383 41 
20 |0. 17937 5. 57493 0. 18233 48451 1. 01649 0. 98378 40 
21 | .17966| 22 |. 56605) 888 |: igo63] 39 1: 47548] 993 |  o1654| © | . 98373] 2 | 39 
22 | _ 17995] 29 | | 55720| 885 | ° 18993) 3° | ° 46648] 299 | © o1659] 2] | 98368] 2 | 38 
23 | _ 18023] 28 | | 54837| 883 | | 18393| 3] | 45751] 897 | (o01665| ©] | 98362] © | 37 
24 | | 18052 ap 53958 a "18353 : 44857| 88% | | 01670 8 | | 98357 : 36 
25 |0. 18081 5. 53081 0. 18384 43966 1. 01676 0. 98352 35 
26 | .18109| 28 | | 52208] 873 | ig4i4| 39 |! 43078] 888 | o1681| 5] | 98347/ 2] 34 
27 | . 18138] 22 | 51337/ 871 | © 18444] 891 | 42192] 886 | | 1687] ©] . 98341] © | 33 
23 | | 18166 ae 50468 ae "18474 4 "41309 ee -01692| 2 | . 98336] 2 | 32 
29 | | 18195] 52 | . 49603) 862 | ° 18504] 3° | 40420] 880 | | o1698| § | . 98331) 2 | 31 
30 |0. 18224 5. 48740 0. 18534 39552 1.01703 0. 98325, . | 30 
31 | . 18252| 28 |" 47881] 859 |” 19564) 39 1: 3g677| 875 | 01709] ©] | 98320] 2 | 29 
32 | _18281| 22 | | 47023) 858 | ° 1g594| 39} 37805] 872 | > o1714| 5 |: 98315] 2 | 28 
33 | 18309] 28 | | 46169] 854 | | 18624] 39} © 36936] 869 |< 01720) © | : 98310] 2 | 27 
34 | | 18338] 22 | | 45317 pe 11 18654 2 " 36070 eee "01725 p 98304 . 26 
35 10. 18367 5. 44468 0. 18684 35206 1. 01731 0. 98299 25 
36 | .18395| 28 || 43622] 846 | ig714} 391 34345] 861 | 01736) 2 | . 98294] 2 | 24 
37 | _ 18424] 22 | | 42778) 844 | 18745] 31 | 33487] 858 | | o1742| © | | ogess] © | 23 
38 | |18452| 28 | | 41937] 841 | | 19775/ 39 | © 32631] 856 | ‘ 01747] 5 |: 98283} 2 | 22 
39 | _ 18481 a 41099} §38 | | iss0s ED "31778 poe "01753 S 98277 : 21 
40 0. 18509] 54 |5. 40263] 934 |0. 18835] 3, [5.30928] 4, |i. 01758) 4 |0. 98272| ; | 20 
Slee laa ea lovee | estsad Hn Deland ie 
43. |. 18595) 55 || 877721 S25 “|, 18625] 35 | . 28g03) 84% “| o177ble 6.) -osapele 2 | 17 
44 | 18624) 52 | . 36047| $22 | | 18055] 3° | 27553] 829 | \ 01781) 2 | 98250! & | 16 
45 10. 18652 5. 36124 0. 18986 26715 1. 01786 0. 98245 15 
46 |. 18681] 33 |: 35304] 82° |: 19016 39 |. 25880| $33 |< o1z92| 6 | 98240) 2 | 14 
48 | | 18738) 28 |“ 33o71| 813. |< toro] 39]: dazis| 880 |: raoa| 8 |v osaae) 2 | 12 
_49 | . 18767| 53 |. 32859] 81° | 19106] 3° | ° 23391} 827 | * o1g09| 6 | . 98223] & | 11 
50 10. 18795 5. 32049 0, 19136 22566 1. 01815 0, 98218 10 
51 | . 18824] 22 | 31241] 88 | jo166) 29 | 21744] 822 1 o1ge0] ©]. 98212] ©] 9 
52 | | 18852] 38 | 30436) 843 |: 19197| 31 | 20925] 812 | ‘o1sa6| 6} 98207] 2] 8 
Bi | asordl2® | Semaal S00 WPeigoeel 20) Gongq). 814 Ne Oreee eran A ie 
E 28 |_- 797 |= 30 |= 813 |-01837) ¢ |_. 98196) ¢ 
55 |0. 18938 5. 28036| ~~ |0. 19287 18480 1. 01843 0. 98190 5 
56 | .18967| 22 | 27241 295 |’ 39317] 39 1 17671 899 |< o1g49] 8 |. 98185) 5] 4 
57 | . 18995] 28 | © 26448] 793 | ° 19347] 39 | © 16863] 808 |‘ o1gs4l 2]. 981791 8] 3 
58 | | 19024) 3? | ° 25658 cod . 19378] 34 | . 16058 ae "01860 ° 98174] 2 | 2 
59 | . 19052] 55 | 24870, 788 | ‘ 19408] 3° | 15256] 80? |. o1gee| § | 98168; F | 1 
60 10. 19081 5.24084 ‘86 |o. 19438 14455 1. 01872 0, 98163 0 
t : : ; : 4 : t 
100° ¢°s ae sec ay cot ne tan me csc ais sin DIN79° 
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TABLE 31 


Natural Trigonometric Functions 


. 19538 
. 19566 
. 19595 
. 19623 


. 19652 
. 19680 
. 19709 
. 19737 
. 19766 


. 19794 
. 19823 
. 19851 
. 19880 
. 19908 


. 19937 
. 19965 
. 19994 
. 20022 
. 20051 


. 20079 
. 20108 
. 20136 
. 20165 
. 20193 


. 20222 
. 20250 
. 20279 
. 20307 
. 20336 


. 20364 
. 20393 
. 20421 
. 20450 
. 20478 


. 20507 
. 20535 
. 20563 
. 20592 
. 20620 


. 20649 
. 20677 
. 20706 
. 20734 


SCP NWHOYONWSO 


~) 
= DALXA2HAD. ADAAD DHAADHD MABVWAHAWN ADADS ABBAS AMAHNN ADAIM HDOIAAD MAID UIHD AHH WUHD Cl HM Org 


t 
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° 
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TABLE 31 


Natural Trigonometric Functions 


. 20791 : . 21256 
. 20820 : . 21286 
. 20848 : . 21316 
. 20877 : . 21347 
. 20905 : . 21377 


0. 20933 : . 21408 
. 20962 ‘ . 21438 
. 20990 : . 21469 
. 21019 : . 21499 
. 21047 : . 21529 


. 21076 ; . 21560 
. 21104 : . 21590 
. 21132 : . 21621 
. 21161 F . 21651 
. 21189 : . 21682 


ANID NBOND 


. 21218 . . 21712 
. 21246 : . 21743 
. 21275 : . 21773 
. 21303 : . 21804 
. 21331 ; . 21834 


. 21360 ; 0. 21864 
. 21388 : . 21895 
. 21417 ; . 21925 
. 21445 : . 21956 
. 21474 : . 21986 


. 21502 : . 22017 
. 21530 é . 22047 
. 21559 ; . 22078 
. 21587 : . 22108 
. 21616 ; . 22139 


. 21644 : . 22169 
. 21672 ; . 22200 
. 21701 ; . 22231 
. 21729 ; . 22261 
. 21758 F . 22292 


35 }0. 21786 : 0. 22322 
. 21814 : . 22353 
. 21843 : . 22383 
. 21871 : . 22414 
. 21899 : . 22444 


. 21928 : 0. 22475 
. 21956 ‘ . 22505 
. 21985 : . 22536 
. 22013 A . 22567 
. 22041 3 . 22597 


. 22070 0. 22628 
. 22098 : . 22658 
. 22126 : . 22689 
. 22155 ‘ . 22719 
. 22183 F . 22750 


, 22212 ; 0. 22781 j 
. 22240 : . 22811 . 88381 
. 22268 : . 22842 . 87793 
. 22297 ‘ r . 22872 . 37207 
. 22325 ‘ . 22903 . 86623 


55 0. 22353 : . 22934 : 4, 36040 
. 22382 : . 22964 . 85459 

. 22410 : . 22995 . 84879 

. 22438 : . 23026 . 84300 

. 23056 . 83723 
. 23087 4, 33148 


* : ; : 
102° ces ; : cot ‘| tan 


fieetan te errr mre er aeons tn ee ee 
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TABLE 31 


Natural Trigonometric Functions 


. 22495 : f : . 02630 
. 22523 ; : , . 02637 
. 22552 6 : : . 02644 
. 22580 é : : . 02651 
. 22608] < ‘ : : . 02658 


. 22637 ; k : . 02665 
. 22665 : 6 : . 02672 
. 22693 ; : ; . 02679 
. 22722 ‘ : p . 02686 
. 22750 : : 5 . 02693 


. 22778) « : h : . 02700 
. 22807 ; : ‘ . 02707 
. 22835 : ; : . 02714 
. 22863 , : , . 02721 
. 22892 : : ‘ . 02728 


. 22920 : : ; . 02735 
. 22948 : : : . 02742 
. 22977 : ; : . 02749 
. 23005 A : : . 02756 
. 23033 : : f ¢ . 02763 


. 23062 : h : . 02770 
. 02777 
. 02784 
. 02791 
. 02799 


. 02806 
. 02813 
. 02820 
. 02827 
. 02834 


. 02842 
. 02849 
. 02856 
. 02863 
. 02870 


. 02878 
. 02885 
. 02892 
. 02899 
. 02907 
. 02914 
. 02921 
. 02928 
. 02936 
. 02943 


. 02950 
. 02958 
. 02965 
. 02972 
. 02980 
. 02987 
. 02994 
. 03002 
. 03009 
. 03017 
. 03024 
. 03032 
. 03039 
. 03046 
. 03054 
. 03061 


CONDO PWNS 


; 
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° 
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TABLE 31 
Natural Trigonometric Functions 
14°> -165° 
l sin Be csc 7g tan tie cot His, sec ia cos Dis 
Ue 
0 Jo. 24192 13357 24933 01078 1. 03061 0. 97030 60 
1 | . 24220) 28 |" 12875] 487 | . 24964] 31 |  ooss2} 726 |‘ o3060] 8 | 97023] Z| 50 
g) 2) a] TEE foe [2am 3 lech | ory 2 | fog | a 
4 24808 oS | .11437| Gay |. 25056] 37 | 99099] 493 | /03091| 2 | . 97001) 7 | 56 
8 |”: 54091 29 | aganal 476) [2 Serie 81 |* garan| 490 | O200e1 7 |” gooey) 2 | sa 
7 |. 24390) 281° 10009] 425 | 25149) 3! | | 97627] 499 | 03114) 8 |: 96980) 2 | 53 
g | 24418) 28} | 09535| 424 | (25180) 3! | | 97139] 488 | | o3121! 7 |. 96073/ 2 | 52 
9 | 24446] 28 |“ 09063) 422 | | 25211) 3! | | 96651] 488 | | 031291 8 |. 96066) 2 | 51 
ots Saamal 28 472 31 var] 496 | Oe 8 le 7} e 
Tale acca eeultegs oi tee OL [cra rqWal TE oseedneon lect ime patie “lhe 
12 | | 24531] 28 | | o7652| 469 | © 25304] 3! |‘ 95196] 484 | | o3152| 8 | 96945; 7 | 48 
13 |. 24559| 28 | ° 07184 dart (pa 25885\005-| - O47igima se: ||; 03189 i 96937, 2 | 47 
4 ae Se | 06717) Gog. |. 25306) 8; ||, oazanleng sh. | 3ip7|e°8 05080 : a6 
16 |. 3ae4a| 29 | oszec| 485, |” geanal 31 | gayeq| 480 |< Gzigel 7 |" Georel Z| an 
i7 | . 24672] 28 | | o5322] 464 | | o5459| 3! | 927931 478 | (03190 8]: 96909) 2 | 43 
18 | | 24700] 28 | ‘ 04860] 462 | | 25490) 3! |: 923161 477 | 103197; 7% |. 96902) 2% | 42 
19 | | 24728) 28 | | 04398] 452 | | o5501/ 31 | ° g1ga9] 47% | ° 03205) 8 |: 96804) 8] 41 
30 |0.24756| -° Ia o3938| 102 abies oe i oA 73 Ona 
Sil areal 2® | onda ies | apneack oe S74 ee hace Lee i lisg 
22 | | 24813| 22 | | 03020) 49 |: 25614) 3! | | 90417/ 473 | | 032281 8 | | 96873/ 2 | 38 
23 | _24841| 28 |‘ 02563) 452 | | 25645] 3! | : s9945| 472 | ‘03036 81° 96866) 2% | 37 
24 | . 24869] 23 |‘ 02107; 425 | ° o5676| 3! | g9474) 471 | 03044] 8 |: o6s5s] 81 36 
28 455 31 470 | va be 7 
25 |0. 24807| 5. [4 01652| 424 10. 25707| 5; [3.89004] ag |I. 03251) ¢ |0. 96851] - | 35 
26 | . 24925] 38 | 01198] 423 | . 25738] 31 | 88536) 468 | 03259] § | oesaa) 7 | 34 
Syl banealhee (2 ponpaimze2 | geaudieell | seqpawece? |pcqaamua 8 10 ogssclen® | tap 
29 | | 25010) 28 |3. 99843; 459 | © 95931/ 3! | | 7136] 465 | | o3289] 7 |: g6s22| 7 | 31 
9 |. 28 2: 450 31 a6pr | g [2 7 {31 
30 |0. 25038) 55 [3.99393] 449 0. 25862] 5, [3 86671| 4g |. 03290|  |0. 96815| . | 30 
31 | . 25066] 58 | . 98944] 447 | . 25803] $1 | 86208] 453 | 03298] 8 | 96807) 8 | 29 
32 | | 25094] 38 | o8497| 447 | 25924] 31 | | 85745] 463 | | 03306] § | 96800] 7 | 28 
SHE Sereda. |) apqqal 0420) We oeceeWtee ly sacuaieaae0l | casaiin® |! anrceien? lice 
28 |_ 444 31 460 | g | g | 26 
35 0. 25179] oe |3.97160| 44, |0. 26017] 3, |3. 84364) 4., |. 03320| 4 |0.96778| 1 | 25 
Ueda ad (ep 
38 | . 25263| 28 | | 95832] 442 | © 26110) 2! |: s2992| 457 | | 033531 8 |: 967561 8 | 22 
23 |-! 440 31 992) 455 |: 7\° 7 
39 | . 25291| 35 | 95302] 745 |. 26141| 31 | 82637] Jes | .03360| 2 | .96749| 7 | 21 
ce ere te eee (ree ee 
42 |. 25376| 22 | 94076, 438 | | 26235] 32 | | 81177/ 422 | | 03384} 81! 96727/ 7 | 18 
43 | _ 25404] 28 | | 93640| 436 | | 26266| 2! |: g0726| 45! |: 033992] 8 |: 96719] 8] 17 
44 | | 25432] 28 | ‘93204 43° | | o6207| 3! | ‘80276, 459 | ‘03400; 8 | | 96712) 71 16 
45 |0.25460| 5° [3 92770) 4° 2 is i | © lo-o670s| 2 [a 
46 | . 25488) 28 aoeet 433 Seo at fee 449 eine 8 0 8007 Baa 
47 |. 25516| 22 | | 91904} 433 | | 26390) 3! | : 78031! 447 | | 034241 8 | 96690! 72 | 13 
48 |. 25545| 22 | | 91473} 48! | | 96401) 3! | ° 7g4g5| 446 | | 34301 8 | | o66s2] 8 | 12 
49 | . 25573| 28 | 91042} 43! | | 26459) 3! |: 78040] 442 | (034301 % |. 96675| 21 11 
oe oes | 28 | orOe| 420 31 445 [Le g |— g pi 
31 |. 23629 28 goisa| 422 |: d6513, 32 [° rrisa) 443 | osass] 8]: geoeo| Z| 9 
52 | . 25657| 2° | . 89756, +428 | : 26546| 3! |: ze709| 443 | © 034631 8 | > 96653) 21 8 
53 | . 25685| 22 | | 39330! 426 | | 26577| 3! | | 76268] 441 | | 03471/ 8 | | 96645] 8] 7 
54 |. 25713| 28 | | ggo04/ 426 | | 26608] 3 | : 75828] 449 | | 03479) 8 |: 96638] 71 6 
oe | Sores) 2 | Sa) 425 [2 31 440 |.03479) 3 |. 8 
36 |. 25760] 28 | ssose| 423 |” Seevol 31 | Fannc 438 | Oaaosl 8 |" geeaa| Z| 4 
57 | . 25798 se Sassy ee. [a 26701 es 74512 ae 03503 5 96615 3 
SEES IPE A ey 
9 | 28 |: 420 31 435 (|. 8 |. 7 
60 |0. 25882 " 86370 26795 73205 1. 03528 0. 96593 0 
nN ; ; P : 5 ; nN 
©. cos Diff sec Diff cot Diff tan Diff csc Diff sin Diff. ° 
us 1 1 1 1 1 Ve 
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TABLE 31 


Natural Trigonometric Functions 


. 25882 : . 26795) . 
. 25910 : . 26826 
. 25938 : . 26857] | 
. 25966 : 7. . 26888) ° 
. 25994 ; . 26920 


. 26022 : . 26951 
. 26050 s . 26982 
. 26079 : . 27013 
. 26107 : . 27044 
. 26135 : . 27076 


. 26163) - : . 27107 
. 26191 : . 27138 
. 26219 : . 27169 
. 26247 j . 27201 
. 26275 : . 27232 


. 26303 : . 27263 
. 26331 : . 27294 
. 26359 ; . 27326] - 
. 26387 : . 27357 
. 26415 : . 27388 


. 26443 ; . 27419 
. 26471 c . 27451 
. 26500 ; . 27482 
. 26528 : . 27513 
. 26556 : . 27545 


25 10. 26584 ; 0. 27576 
. 26612 : . 27607 
. 26640 ; . 27638 
. 26668 : . 27670 
. 26696 : . 27701 


. 26724 : . 27732 
. 26752 : . 27764 
. 26780 : . 27795 
. 26808 : . 27826 
. 26836 . . 27858 


. 26864 : . 27889 
. 26892 : . 27921 
. 26920 : . 27952 
. 26948 é . 27983 
. 26976 : . 28015 


. 27004 3 . 28046 
. 27032 : . 28077 
. 27060 : . 28109 
. 27088 : . 28140 
. 27116 . : . 28172 


. 27144 ; . 28203 
. 27172 : . 28234 
. 27200 : . 28266] « 
. 27228 : . 28297 
. 27256 y . 28329) - 


50 j0. 27284 : . 28360 
. 27312 : . 28391 
. 27340 : . 28423 
. 27368 5 . 28454 
. 27396 : ‘ . 28486 


. 27424 3 . 28517 
. 27452 : . 28549 
. 27480 F . 28580 
. 27508 F . 28612 
. 28643 
. 28675) * 


t m G 
105°= ©°s | ; P cot 


CO 00 C0 C0 CO G0 00 0000 00 C000 000000 AICDW WOH CHOO~IKHWH CWONIWHOH WMO WHH ONMON WWONMWW NMONO NINMMNO WOWN 


CrP NWK OVO T0000 


0D 
ae 


ba | 
fas 
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TABLE 31 


Natural Trigonometric Functions 


16°> 

y sin Diff. ¥ 
1’ 

0 |0. 27564 

1 | . 27592 4 

2 | | 27620 9 8 

3 | | 27648 9 8 

4 | . 27676 8 8 

5 10. 27704 

6 | . 27731 4 3 

7 |. 27759 9 8 

3 | . 27787 8 8 

9 | | 27815 9 8 

10 |0. 27843 9 9 

11| . 27871 9 8 

12 | | 27899 9 8 

13 | | 27927 8 8 

14 | | 27955 9 8 

15 10. 27983 | i 

16 | . 28011 6. ; 

17 | . 28039 9 8 

18 | . 28067 9 9 

19 | . 28095 9 8 

20 |0. 28123 8 8 

21 | . 28150 9 8 

22 | _ 28178 9 8 

23 | . 28206 9 9 

24 | | 28234 9 8 

25 0. 28262 9 8 

26 | . 28290 9 8 

27 | _ 28318 9 9 

28 | . 28346 9 8 

29 | _ 28374 9 8 

30 |0. 28402 9 8 

31 | . 28429 9 9 

32 | | 28457 9 8 

33 | | 28485 9 8 

34 | _ 28513 9 8 

35 |0. 28541 9 9 

36 | . 28569 9 8 

37 |. 28597 9 8 

38 | . 28625 9 9 

39 | | 28652 9 8 

40 |0. 28680 9 8 

41 | . 28708 9 9 

42 | _ 28736 10 8 

43 | | 28764 9 8 

44 | | 28792 9 9 

45 (0. 28820 9 8 

46 | . 28847 9 9 

47 | . 28875 9 8 

48 | _ 28903 10 8 

49 |. 28931 9 9 

50 (0. 28959 ; 3 | 10 

51 | . 28987 : wie 

52 | 29015 4 eh 

53 | . 29042 10 9 | & 

54 | 29070 " 43995 9 g |_& 

55 10. 29098 43666 9 a) 

56 | . 29126 43337 9 gs | 4 

57 | | 29154 43010 0 9 [Ff 2 

58 | . 29182 " 42683 9 g| 2 

59 | . 29209 42356 9 9 || @ 

60 0. 29237 42030 0 

rn ; iff. py A 

106° cos ‘| sec aus 3° 
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TABLE 31 
Natural Trigonometric Functions 
Bie “162° 
wee oon pit, 4 
i? 
0 10. 29237 . 80573 . 95630 8 60 
1 | . 29265 . 80605 . 95622 9 59 
2 | . 292938 . 80637 . 95613 8 58 
3 | . 293821 . 30669 . 95605 9 57 
4 | . 29348 . 30700 . 95596 8 56 
5 10. 29376 . 30732 . 95588 9 55 
6 | . 29404 . 30764 . 95579) g | 54 
a | 29432 . 80796 . 95571 9 53 
8 | . 29460 . 30828 . 95562 8 52 
9 | . 29487 . 30860 . 95554 9 ol 
10 0. 29515 . 30891 . 95545 9 50 
11 | . 29548 . 80923 . 95536 8 49 
12 | 229571 . 80955 . 95528 9 48 
13 | . 29599 . 30987 . 95519 8 47 
14 | . 29626 . 31019 . 95511 9 46 
15 |0. 29654 . 31051 . 95502) 9 | 45 
16 | . 29682 . 31083 . 95493 8 44 
fe |) 2970  olllS . 95485 9 43 
18 | . 29737 . 31147 . 95476 9 42 
19 | . 29765 . 31178 . 95467 8 41 
20 |0. 29793 ; 31210 . 95459 9 40 
21 | . 29821 . 31242 . 95450 9 39 
22 | . 29849 . 31274 . 95441 8 38 
23 | . 29876 . 31306 . 95483 9 37 
24 | . 29904 . 31338 . 95424 9 36 
25 |0. 29932 , 31370 . 95415 8 35 
26 | . 29960 . 31402 . 95407 9 34 
27 | . 29987 . 31434 . 95398 9 33 
28 | . 30015 . 31466 . 95389 9 32 
29 | . 30043 . 31498 . 95380 8 31 
30 |0. 30071 . 31530 . 95372 9 30 
31 | . 30098 . 31562 . 95363 9 29 
32 | . 30126 . 81594 . 953854 9 28 
33 | . 30154 . 31626 . 95345 8 27 
34 | . 30182 . 81658 . 95337 9 26 
35 |0. 30209 . 31690 . 95328 9 25 
36 | . 30237 5 Ll? . 95319 9 24 
37 | . 30265 . 81754 . 95310 9 23 
38 | . 30292 . 31786 . 953801 8 22 
39 | . 30320 . 31818 . 95293 9 21 
40 0. 30348 . 81850 . 95284 9 20 
41 | . 30376 . 31882 . 95275 9 19 
42 | . 30403 . 81914 . 95266 9 18 
43 | . 30431 . 31946 . 95257 9 ys 
44 | . 30459 . 31978 . 95248 8 16 
45 |0. 30486 : . 32010 . 95240 9 15 
46 | . 30514 F . 82042 . 95231 9 14 
47 | . 30542 : 3 . 32074 . 95222 9 13 
48 | . 30570 F . 32106 . 95213 9 12 
49 | . 30597 . 32139 . 95204 9 Hig! 
50 {0. 30625 Poa al . 95195 9 10 
51 | . 30653 : . 322038 . 95186 9 9 
52 | . 30680 : c . 32235 . 95177 9 8 
53 | . 30708 ; . 32267 . 95168 9 Zs 
54 | . 30736 i . 82299 . 95159 9 6 
55 J0. 30763 : . 32331 . 95150 8 5 
56 | . 30791 . 32363 . 95142 9 4 
57 | . 30819 : . 32396 . 95133 9 3 
58 | . 30846 : C . 32428 . 95124 9 2 
59 | . 30874 : . 32460 . 95115 9 1 
60 j0. 30902 : . 32492 . 95106 0 
+ t,t 
107°> ©s cot sin | 12729 
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TABLE 31 


Natural Trigonometric Functions 


Tre. 


L sin 


~ 


S 


30902 
. 80929 
. 80957 
. 80985 
. 81012 


0. 31040 
. 31068 
. 31095 
. 31123 
. 31151 


. 31178 
. 31206 
. 31233 
. 31261 
. 31289 


. 31316 
. 81344 
. 31372 
. 31399 
. 31427 


. 31454 
. 81482 
. 31510 
. 31537 
. 31565 


. 31593 
. 31620 
. 31648 
. 31675 
. 81703 


. 31730 
. 31758 
. 31786 
. 31813 
. 31841 


. 31868 
. 31896 
. 31923 
. 31951 
. 31979 


. 32006 
. 32034 
. 82061 
. 32089 
. 82116 


. 82144 
. 32171 
. 32199 
. 82227 
. 32254 


. 32282 
. 32309 
. 82337 
. 32364 
. 82392 


. 32419 
. 32447 
. 82474 
. 82502 
. 82529 
60 |0. 32557 


nN 
108° cos 


pea seeeees 
— 


fot 


oer 
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TABLE 31 
: : ns 
Natural Trigonometric Functio “160° 
Diff. | gee |Dif] cog Diff. 4 
. Diff. ot , 1 , 
Ow . Diff tan , c 1 if 
19 sin ae csc 14 1 aan lege oe 60 
¥ 94552 
05762 0. 10 | 59 
421) o74 |L 11 | 94549 9 
; . 34433] 35 [2. 90 274 | 05773 10 58 
1] saasal 3 Pi doabe) 358 | Sades) 22 Sota ans | Serer | eet ap Br 
1 | . 32584) 9 "06637 Bees) 1 9600 Hl | 454 5 
5 8 30 #8 2738 05805 ; Ty |e 
3 |: 32630 27 | “eazy, 258 |: 344 33 | * 99397 10 55 
58 63 .8 272 0. 94504) “4 
3 | . 32639] 56 o61211 2 7 |. 34563} 35 1. 05815) 5, 54 
: - 89055] ovo - 94495) 19 
4 | . 32667| 5° 257 10. 34506 9 |2- 8 . 05826) 35 53 
5 10. 32694 28 05607 . 346 33 8511 =) 11 94476 52 
: 57 661 8 271 05847 ; 10 | 57 
6 | . 32722) 5 05350) 2 Spee) 88240 11 | * 94466 
) 56 693 . 270 | 95858 9 } 2 
7 | . 32749 28 05094 2 . 34 33 87970 : 11 7 50 
é 255 4726 : 270 69 0. 9445 10 
pears ideo | Shoes 3 32 1. 05869} 56 7 49 
: 255 2. 87700 270 9 . 9444 9 
9 |_. 82804) 50 . 34758) 95 - 05879) 55 8 48 
rile ee laid 91 - 87430) 569 5890 . 94438) 16 
10 |0. 32832) 47 04329 - 84791) 95 87161 .0 11 | * 94498 4 
54 824 269 | | 05901 . 10 | 46 
11 | . 32859) 56 04075| 2 a 86892 19 | ..94418} 10 | 46° 
. 254 856 . 268 05911 . 9 
12 | . 32887 27 03821 . 34 33 86624 : 11 09 45 
: 253 4889 . 268 22 0. 94409) 49 
13 | . 32914 28 03568 3 33 1. 059 11 99 44 
: 253 2. 86356) o¢7 3 . 943 9 
14 | . 32942) 57 . 34922) 35 MU Sih 90 43 
. 03315) 555 54 86089) 967 05944 eeaseltlO | ae 
15 |0. 32969] 5. 03062 - 34954) 33 85822 11 | * 94389 4 
: 252 987 267 05955 . 10 | 43 
oe Re Soa eae Senco eee | taeece Ho | 04870 
51 020 266 05965 9 
17 | . 38024 27 02559 2 . 35 32 85289 : 11 61 40 
51 052 266 976 0. 94361] 15 
iB 1 “ese 28 | Zesconen? eee miOeewel al [panes - 
19 | . 33079] 57 | . 25 | 35085} go |2. 265 |" 05987 11 | * 94349/ 9 | 38 
20 |0. 33106) 5¢ 01807 35 32 | * 94494 : 11 | * 94339 3 
250 150 265 06009 10 | 36 
21 | . 33134] 50 01557 Reuse | Rerass 19 | 94322] 19 | 36 
: 249 183 5 264 06020 : 9 
go On eapes | Ree 40 Wee rnes | Lencce 26a ye 10 |p 94313 ay 
23 | . 33189) 97 ‘01059| 2 - 85216) 39 | 1. 06030) 5, 0. 3| 10 | 34 
‘ 249 2. 83702 263 41 . 9430 10 
24 | . 33216] 36 . 35248) 99 - 06041) 5, 293 33 
00810) 948 81 - 88439) 963 06052 94 9 | e5 
25 0. 33244) 52 |3. 00562 - 35281) 33 83176 11 | * o4og4 
; 247 314 : 262 06063 . 10 31 
26 | . 33271) 57 00315 . 35 32 |” 35014 11 | * o4974 0 
248 5346 : 261 | * 06074 i= 1 
27 | . 33298) 50 00067} 546 | .3 33 | | 39653 262 1] 94964 30 
; é ; 0 
28 | . 33326) 5- 99gai| 2 . 35379) 38 1. 06085] 5, 54| 19 | 99 
99821) 547 2. 82391} 561 96 . 942 9 
29 | . 33353) 56 —_ . 35412) 93 - 06096) 5; 4245 28 
ee hee) 445 eon ae 9 10) 5 
30 |0. 33381} 57 "99329 Bee) 81870 11 | * 94235 0 
; 246 5477 260 | "06118 1 10 | 96 
31 |] . 33408 28 99083 .3 33 81610 1 . 94225 (Oye Peek 
245 5510 260 | | 06129 1 i 
32 | . 33436) 5- 98838 3 33 | * 81350 1 215 25 
: 244 5543 259 6140 0. 94 9 
‘ 245 2.81091} 558 151 . 94 10 
34 | . 33490 28 . 35576) 935 3 . 06 11 4196 23 
98349) 949 608 - 80833) 559 06162 .9 10 | 59 
Bel Orie? (ee So aaaees | Ceners : 11 | 94186) 10 
: 244 5641 . 258 | | 06173 11 21 
36 | . 33545) 5 97862 3 33 | * 39316 - 94176) “9 
243 5674 257 "1.06184 11 0 
37 | . 33573] $2 97619 3 33 | * go059 4167 2 
: 242 5707 257 6195 0.9 10 
38 | . 33600) 5, 97377 3 33 1.0 11 157 19 
; 242 2. 79802) 27 206 . 94 10 
27135) 949 772 . 79545] O26 06217 9 10 | 47 
40 10. 33655 27 | 96893 . 35 33 79289 . 11 | * 94137 10 
; 41 5805 . 256 | * og298 ll 16 
41 | . 33682) 52 96652| 2 a8 33 | * 79033 . 94127| “9 
, 241 5838 . 255 | * 96939 11 5 
ge Okra? | apo 3 33 | * 78778 4118 1 
: 240 5871 255 6250 0. 9 10 4 
43 | . 33737 27 96171 .3 83 1.0 iM 4108 1 
; 240 2. 78523) ony 261 of 10 
44 | . 33764 28 . 35904 33 9 . 06 11 94098 13 
95931) 949 937 78269) 555 06272 10 | 19 
45 10. 33792) 97 | "95691 Pane? | bean, 12 | .94088| 1° 
; 239 5969 253 06283) 55 11 
46 | . 33819 Oe 95452 3 33 77761 . 94078 10 
: 39 6002 . 254 | ” 96295 11 10 
Be | Seseaap28 | cteerse 20 fee 33 | 77507 94068 
238 6035 253 6306 0. 10 | “9 
48 | . 33874 PAG 94975 8 3 33 77954 1.0 11 94058 9 
49 | . 33901) 50 |. 238 1536068 33 |: gin ce 1.0687 11 | * 94049 8 
94737) 537 101 - 77002) 955 06328 10] 7 
50 |0. 33929 | 94500 - 36 33 76750 11] ° 94039) 19 ‘ 
: 237 6134 252 06339) 31 6 
51 | . 33956] 5, 94963 3 33 | "76498 . 94029) 35 
; 237 6167 : 251 P 06350 12 5 
52 | . 33983) 98 94026 32 | | 76247 94019 
: 236 6199 251 6362 0. 10] 4 
53 | . 34011) 57 93790 3 a3 1.0 11 4009 
236 2. 75996) 9.5 6373 9 10 
54 | . 34038 97 . 36232) 35 6 .0 11 93999 3 
93554) 5a¢ 265 - 15746) 950 06384 10] 95 
a fie eal eae S5 Utes cans e3:| Ore igs 12 | - 93989] 1p 
; 8 : 250 . 06395 12 1 
ls wape 334 | - 36298) 33 75246 . 93979] 35 
; 1 ; 249 | * 96407 11 0 
pl Oiae ot eee 335 | - 36331) 33 74997 0. 93969 
4 ; 249 |1' 06418 
58 | . 34147] 50 92614, 2 Bee anes: 74748 ar: 
; 234 97 i : ; Diff. 
60 Jo. 342021 27 |x: gasn0 a Dif | ese [PHT] sin Dirge 
60 |0. 3 5 Diff. tan 1’ 1 
, Diff eee coe 1 
/1109°s cos |, | se 1 


TABLE 31 
Natural Trigonometric Functions 

for 3 . <159° 

20 sin Bn csc pe tan me cot pe sec me cos pi, 
i? 

0 10. 34202 2. 92380 0. 36397 2. 74748 1. 06418 0. 93969 60 
1 | 34229 27 |‘ o2147| 233 | 36430] 33 | 74409] 242 |. 06429] 11 | . 93959 10'| 59 
Do 42 od 07 | - 91914 233 . 36463 33 | - 74251 247 . 06440 12 93949 10 58 
3 | . 34284 07 |- 91681 932 . 36496 33 | - 74004 248 . 06452 11 93939 10 ef 
4]. 34311 28 | 91449 232 36529 33 |_- 73756 247 . 06463 11 93929 10 56 
5 10. 84339 27 2, 91217 231 0. 836562 33 2. 73509 246 1. 06474 12 0. 93919 10 55 
6 | . 343866 07 | - 90986 232 36595 33 73263 246 . 06486 re 93909 10 54 
7 | . 343938 28 | - 90754 230 . 36628 33 | - 73017 246 . 06497 lll: 93899 10 DO) 
8 | . 34421 27 | - 90524 231 . 86661 33 | - (OKO 245 . 06508 12 |- 93889 10 4 

Q | . 34448) 5. | 90293, 535 | . 36694) 35 | . 72526) 542 |. 06520| 77 | _. 93879) 49 |_51_ 
10 |0. 34475 28 2. 90063 229 0. 36727 33 2. 72281 245 1. 06531 11 0. 93869 10 50 
11 | . 345038 07 | - 89834 229 36760 33 | - 72036 244 . 06542 12|- 93859 10 49 
12 | . 34530 97 | - 89605 229 . 836793 33 | - 71792 244 . 06554 111: 93849 10 48 
ey 1) By kaai7 97 | - 89376 228 . 36826 33 | - 71548 243 . 06565 12 \°- 93839 10 47 
14 | . 34584 98 |: 89148 228 . 36859 33 |: 71305 243 . 06577 11 |— 93829 10 46 
15 |0. 34612 27 2. 88920 228 0. 836892 33 2. 71062 243 1. 06588 12 0. 938819 10 45 
16 | . 34639 07 | - 88692 227 . 86925 33 | - 70819 242 . 06600 |: 93809 10 44 
17 | . 34666 28 ]- 88465 227 . 86958 33 | - 70577 242 . 06611 wl: 93799 10 43 
18 | . 34694 27 | - 88238 227 . 36991 33 | - 70335 241 . 06622 12 |- 93789 10 42 
19 | . 34721 97 |: 88011 226 . 87024 33 |: 70094 241 . 06634 11 93779 10 41 
20 10. 34748 27 2. 87785 225 0. 37057 33 2. 69853 241 1. 06645 12 0. 93769 10 40 
QI eS Aus 98 | - 87560 226 . 837090 33 69612 241 . 06657 11 93759 11 39 
22 | . 34803 07 | - 87334 225 lez 34 69371 240 . 06668 12 93748 10 38 
23 | . 34830 07 | - 87109 224 Bh eae 33 69131 239 . 06680 11 93738 10 OW 
24 | . 34857 97 |: 86885 924 37190 33 68892 239 . 06691 12 |— 93728 10 36 
25 10. 34884 28 2. 86661 224 OF 372238 33 2. 68653 239 1. 06703 12 0. 93718 10 SO 
26 | . 34912 o7 | - 86437 224 37256 33 | - 68414 239 . 06715 11 93708 10 34 
27 | . 34939 97 | - 86213 223 . 87289 33 | - 68175 238 . 06726 12 |- 93698 10 33 
28 | . 34966 071° 85990 223 NOloee, 33 | - 67937 937 . 06738 |: 93688 11 32 
29 |. 34993] $2 | . 85767] S55 |. 37355] $5 | 67700] 556 |_..06749| 75 |. 93677| 49 | 31 
30 10. 35021 27 2. 85545 222 0. 37388 34 2. 67462 237 1. 06761 12 0. 93667 10 30 
3l | . 35048 971° 85323 221 37422 33 67225 236 . 06773 11 93657 10 29 
32) |) 235045 97 | - 85102 222 37455 33 66989 237 . 06784 12 93647 10 28 
38s || pecanllOyy 28 | - 84880 221 37488 33 66752 236 . 06796 11 93637 11 Paik 
34 | . 35130 07 |: 84659 220 Sioa 33 66516 235 . 06807 12 93626 10 26 
35 |0. 35157 27 2. 84439 220 0. 37554 34 2. 66281 235 1. 06819 12 0. 93616 10 25 
36 | . 35184 97 | - 84219 220 . 37588 33 | - 66046 235 . 06831 11 93606 10 24 
By || satay 98 | - 83999 219 oOo 33 | - 65811 235 . 06842 12 93596 td 23 
3 || . 30209 97 | - 83780 219 . 37654 33 65576 234 . 06854 12 93585 10 22 
39 | . 35266 97 | 83561 219 . 37687 33 65342 233 . 06866 12 93575 10 21 
40 0. 35293 27 2. 83342 218 0. 37720 34 2. 65109 234 1. 06878 nf 0. 938565 10 20 
41 | . 35320 07 | - 83124 218 SOloe# 33 | - 64875 233 . 06889 12|- 93555 11 19 
42 | . 35347 98 | ° 82906 218 sel ert 33 | - 64642 239 . 06901 12|- 93544 10 18 
AS || avn 971° 82688 217 . 37820 33 | - 64410 233 . 06913 12 93534 10 17 
44 | . 35402 97 |: 82471 217 37853 34 |: 64177 232 . 06925 11 93524 10 16 
45 10. 35429 27 2. 82254 217 0. 37887 33 2. 63945 231 1. 06936 12 0. 98514 11 15 
46 | . 35456 28 | - 82037 216 . 37920 33 63714 231 . 06948 12 93503 10 14 
47 | . 35484 a7 | - 81821 216 37953 33 63483 231 . 06960 12 93493 10 13 
48 |] . 35511 97 | - 81605 215 37986 34 63252 231 . 06972 12 93483 11 2 
49 | . 35538 97 |: 81390 915 . 38020 33 |: 63021 230 . 06984 face 93472 10 11 
50 10. 35565 27 2. 81175 215 0. 38053 33 2. 62791 230 1. 06995 12 0. 938462 10 10 
51 | 235592 27 | - 80960 914 . 38086 34 | - 62561 229 . 07007 12/- 93452 11 9 
52 | . 35619 98 | - 80746 915 38120 33 62332 229 . 07019 12 93441 10 8 
53 | . 35647 a7]: 80531 213 38153 33 62103 229 . 070381 12 93431 ll 7 
54 | . 35674 07 80318 214 38186 34 |_- 61874 228 . 07043 12 93420 10 6 
55 10. 85701 27 2. 80104 213 0. 38220 33 2. 61646 228 1. 07055 12 0. 93410 10 2 
56 | . 35728 97 | - 79891 212 . 88253 33 . 61418 228 . 07067 12 |- 93400 11 4 
Ot | 2385155 97] - 79679 213 . 88286 34 | - 61190 227 . 07079 12 |- 93389 10 3 
58 | . 35782 98 | - 79466 212 . 88320 33 | - 60963 927 . 07091 121° 93379 11 2 
59 | . 35810 07 |: 79254 211 38353 33 60736 297 . 07103 11 93368 10 1 
60 |0. 35837 2. 79043 0. 38386 2. 60509 1.07114 0. 938358 0 
nN ; ; : P ; : t 

1 10°> cos ae sec ae cot we tan a csc Rie sin pin-69° 
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TABLE 31 


Natural Trigonometric Functions 


pom 
° 
v 


—) 


. 35837 } : . 60509 . 07114 
. 35864 : : . 60283 . 07126 
. 85891 ‘ ; . 60057 . 07138 
. 85918 ‘ ‘ . 69831 . 07150 
. 85945 ; i . 59606 . 07162 


. 85973 ; ; 2. 59381 . 07174 
. 36000 : ; . 59156 . 07186 
. 36027 athe : . 58932 . 07199 
. 86054 ak ‘ . 58708 . 07211 
. 86081 i ‘ . 58484 . 07223 


. 86108 h L . 58261 . 07235 
. 86135 3 : . 58038 . 07247 
. 86162 2 : . 57815 . 07259 
. 86190 : : . 57593 . 07271 
. 86217 : ; . 57371 . 07283 


. 36244 ; : . 57150 1. 07295 
. 86271 : : . 56928 . 07307 
. 86298 : : . 56707 . 07320 
. 86325 ‘ : 1 | - 96487 . 07332 
. 86352 : i . 56266 . 07344 


. 86379 F ? . 56046 . 07356 
. 36406 ; , . 55827 . 07368 
. 86434 : ; . 55608 . 07380 
. 36461 : é . 55389 . 07393 
. 36488 : ‘ . 55170 . 07405 


. 86515 : : . 54952 . 07417 
. 86542 : : . 54734 . 07429 
. 36569 A : . 54516 . 07442 
. 36596 : ¢ . 54299 . 07454 
. 36623 ; F . 54082 . 07466 


. 86650 ; ! . 53865 . 07479 
. 86677 ; : . 53648 . 07491 
. 86704 , : . 53432 . 07503 
. 36731 : 3 . 53217 . 07516 
. 36758 ; : . 53001 . 07528 


. 86785 : ’ . 52786 . 07540 
. 86312 : : . 62571 . 07553 
. 36839 ‘ ‘ . 52357 . 07565 
. 36867 : : . 52142 . 07578 
. 86894 ; : . 51929 . 07590 


. 86921 hs ; . 01715 . 07602 
. 36948 5 5 . 51502 . 07615 
. 86975 5 : . 51289 . 07627 
. 37002 : : . 51076 . 07640 
. 37029 : d . 50864 . 07652 


. 87056 : E . 50652 . 07665 
. 37083 ; ; . 50440 . 07677 
. 37110 - ; . 50229 . 07690 
. 87137 4 : . 50018 . 07702 
. 37164 : : . 49807 . 07715 


Poul : F . 49597 1. 07727 
. 87218 : ; . 49386 . 07740 
. 387245 : 4 . 49177 . 07752 
. 87272 : : . 48967 . 07765 
. 87299 . ; . 48758 . 07778 


. 37326 ; f 2. 48549 . 07790 
. 37353 : : . 48340 . 07803 
. 37380 : ; . 48132 . 07816 
. 37407 : : ‘ . 47924 . 07828 
59 | . 37434 : : . 47716 . 07841 
60 |0. 37461 . L . 47509 . 07853 


t : , : 4 
1 1 iS cos ; : ‘| tan : csc 


Saeeacer server 
(=) 


=) 


| 


_ 


OrPnwmwrouQnovoe 


S) 


Ma 

=a 

CO> 
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TABLE 31 


Natural Trigonometric Functions 


. 37461 
37488 
. 37515] 54 | . 66563 i ' 40470| 341 | 47095 
37542] 5¢ | | 66371 40504 


0 
1 
2 
3 
4 
5 10. 37595 
6 
7 
8 
8) 


37569) 27 | | 66180 rr 40538 4 " 46682 a 07904 He 92675] j1 | 56 

a7 |2 65989] j9q |0. 40572) 5, |2. 46476] 55, |i. 07917/ 55 |0. 92664] |, | 55 
. 37622) 57 | . 65799| 19 | . 40606) 34 | : 46270| 308 | 07030) 13) ° o265a| 11 | 54 
. 37649] 5/ | . 65609) 395 | . 40640] 37] . 46065) 2° | | 7043] 13 | | 92649] 11 | 53 
37676) 32 | | 65419 40674] 33 |. 45860, 303 | | 07955 92631 52 


. 37703 


2 9 4 1 11 
10 0. 37730 a 2. 65040 oe 0. 40741 a 2. 45451 205 |} 07981 A 0. 92609 11 50 
11 | . 37757 27 64851 189 40775 34 45246 203 07994 12 92598 1 49 
12 | . 37784 64662 40809 34 45043 08006 92587 48 


13 | . 37811| 2! | ° 64473) 189 


14 | . 37838) 37 | | 64285] 188 | | 40877| 34 |: 44636, 293 | | ogo3a] 13 | | 92565| 1! | 46 
15 10. 37865) 57 |2.64097/ j 25 0. 40911| 3, |244433/ 555 |1. 08045) 55 |0. 92554| 5, | 45 
16 | . 37892) 5 |. 63909, }87 |. 40045) 37] . 44230, 393 | og0ss) 13 | 92543) 11 | 44 
17 | . 37919] 57 |. 63722| 187 | . 40979] 34]. 44027| 393 |’ ogozi| 13 | | 92539] 1! | 43 
18 | . 37946] 57 | . 63535, jg7 | . 41013] 34 | . 43825] 302 | ‘ ogosal 13 | | 99521) 11 | 42 
19 | . 37973) 56 |. 63348, j34 | . 41047] 34 | . 43623) 3°? | | osoo7| 13 |: 92510] 11 | a1 
20 |0. 37999] 5 |2. 63162 0. 41081] 5, |2. 43422 1. 08109 , 5 |0. 92499 40 


21 | . 38026 a 62976 oe "41115 * 43220 am ‘08122 : ‘ 92488) 11 | 39 
22 | . 38053) 27 | | 62790 "41149 43019 08135 


23 | . 38080) 3/ | ° 62604 ie 41183 a " 42819 oat 08148 12 92466) 1} | 37 
24 | . 38107| 54 |. 62419] 18? | | 41217] 34] 42618) 201 | * ogi61) 13 | | 92455) 1! | 36 
25 |0. 38134) 5, |2 62234) jg. 10. 41251] 54 |2 42418] 559 1. 08174) 55 |0. 92444] 55 | 35 
26 | . 38161] 55 | . 62049] 13? | . 41285 34 |. 42218] 200 |’ ogig7] 13 |‘ 92439] 1? | 34 
27 | . 38188) 57 | 61864) jg | 41319] 34] ° 42019, 309 |’ ogzoo| 13 |: g2a2i) 1! | 33 
28 | . 38215] 56 | .61680| {gi | 41353] 34 | 41819) 200 |’ ogzi3) 13} 9aai0) 1 | 39 
29 | . 38241) 57 |. 61496] 1p3 | 41387) 37 | 41620, 189 | ogz26| 13 | | 92399] 1! | 31 
30 |0. 38268) 57 |2. 61313) 12, 0. 41421| 3, |2 41421) 15. |i. 08239) 5 |0. 92388) |, | 30 
31 | . 38295] 57 | 61129] 183 | . 41455] 32 |. 41223) 188 |’ oga5e| 13 | | 92377] 1! | 29 
32 | . 38322] 57 | 60946] jp | 41490] 32 | © 41025, 188 |: osz65| 13 |: 92366] 1! | 28 
33 | . 38349) 57 | . 60763| 185 | | 41524] 34 |. 40827| 198 | ° ogo7a| 13) | 92355] 12 | 27 
34 | . 38376) 57 | .60581| 195 | 41558| $7 | . 40629] 188 | ° ogzoi| 13 | | 92343] 1? | 26 
35 |0. 38403) 57 2. 60399] j 55 |0. 41592| 3, |2 40432, 15, |i. 08305| ,, |0. 92332| |, | 25 
36 | . 38430/ 56 |. 60217| 185 | . 41626 34]: 40235) 187 | ogzis| 13 | gagzi| 1! | 24 
37 | . 38456] 57 | 60035] 185 | : 41660| 34]. 40038) 18” | ° 0g33i| 13 | | 92310] 1! | 23 
38 | . 38483) 57 | 59853; 18i | 41694) 34] “30gai) 187 |’ ogaaa| 13 |’ gag09] 12 | 20 
39 | . 38510] 57 | . 59672; 8, | . 41728] 3° | 39645] 186 | | 08357) 13 | | 92287) 1? | 21 
40 |0. 38537) 57 |2.59491/ j 45 |0. 41763| 5, |2 30449] 15 |i. 08370| ,3 |0. 92276] ,, | 20 
41 | . 38564) 57 | .59311/ 38) |. 41797| $7 |. 39253, 186 | ‘ ogagal 13). 92965] 11 | 19 
42 | . 38591 96 | 59130, 18) | 41831) 37] © 39058 189 |’ og307| 14} | 92254) 1! | 18 
43 | . 38617) 57 | 58950] 155 | : 41865] 37] . 38863) 125 |‘ ogaio) 13]: 9224s] 12 | 17 
44 | . 38644) 57 |. 58771] 145 | 41899) 34 | 38668 192 | | 03423) 13 | | 92231] 1? | 16 
45 10. 38671] 97 |2 58591! j79 |0. 41933] 3 [2 38473| 5, |1. 08436| ,3 0. 92220| ,, | 15 
46 | . 38698| 37 | 58412) 128 | 41968) 35 |" 38279 03449) 17] . 92209 11 | 14 


47 | . 38725 , 179 ; 
48 | . 38752 96 | - 98054 178 . 42036 34 194 : 
49 | . 38778 97 |_- 57876 . 42070 . 87697 . 08489 
50 0. 38805 


51 | . 38832) 57 | .57520| 378 | . 42139| 34]. 37311) 183 | ° ogsi6) 13 |. 92152] 12) 9 
52 | . 38859) 57 | .57342| 77 | . 42173) 34 | . 37118] 593 | . 08529| 33 | . 92141] 5, | 8 
53 | . 38886 96 | . 57165] 177 | . 42207) 3- | . 36925] 195 | . 08542| 14 | . 92130] 5, | 7 
54 | . 38912) 57 | . 56988) 177 | . 42242) 27 | . 36733| 95 |_..08556| 15 | . 92119] 55 |_ 6 
55 10. 38939) 57 2.56811) 177 |0. 42276) 3, |2.36541| 545 |1. 08569] 15 |0. 92107] 4, | 5 
56 | . 38966) 57 | . 56634) 174 | . 42310] 3- | . 36349] 15; | . 08582| +4 | . 92096] 5, | 4 
57 | . 38993 97 | . 56458) 17, | . 42345] 27 | . 36158] 15) | . 08596) 73 | . 92085] 55 | 3 
58 | . 39020) 96 | . 56282) 176 | . 42379] 34 | . 35967] 19) | . 08609) 54 | . 92073] 17 | 2 
59 | . 39046) 57 |. 56106, j7g | . 42413) 34 | . 35776] 45, | . 08623] 55 | . 92062! 15 | 1 
60 |0. 39073) _“* |2. 55930 0, 42447) °* |2. 35585 1. 08636) *° |0. 92050 0 


t 
112° 00 


211 


TABLE 31 


Natural Trigonometric Functions 


55930 ; _ 08636 

S BBTHR ee 42482 35305) jen | ..08649| 13 | * 92030 es 
55580, {42 | . 42516 34° 35205, 180 | | os6ea| 14 | | 92028] 12 | 58 
55405) js, | 42551) 35 |: 35015, j2° | | 08676 13 | ‘ oz016| 1? | 57 
55231] 74 |. 42585) 34 | . 34825, 120 |. 08690) 14 | | 92005] 1! | 56 | 
2. 55057| y74 |0. 42619] 3, [2.34636] 1,5 |i. 08703| ,, |0. 91994] |, | 55 
54893] 144 | . 42654 39 | ° 3447) 188 | og7i7| 13 |. o19se| 1? | 54 
54709] 73 | . 42689) 34 |: 34258, 18° | ‘ 08730) 18] | 91971] 12 | 53 
54536, 373 | | 42729) 341° 34069] 189 | | osza4] 14 | | 91959] 12 | 59 
54363, 43 |. 42757] 22 | 3ase1| 188 | | 08757] 13 | | 91948] 12 | 51 
2.54190 j73 |0. 42791| 35 |2. 33693| j 29 |i. 08771] 15 |0. 91936| ,| | 50 
54017] 145 | . 42826 39 1.33505) 188 | ogza4) 13 |‘ o1925) 11 | 49 
53845, 175 | . 42860] 34] /33317| 188 | ‘os7og) 13 | -o19i4| 12 | 4s 
[60672 co. |. 42goaies = |eoaauso). 1878 1\ osgial 18 | onan): 12 bray 


. 538500 171 . 42929 


2. 53329 0, 42963 
53157, 122 


. 32943 187 - 08825} 34 |. 91891 12 |_46 


2. 32756 1. 08839 0. 91879 45 
35 186 " 08852 13 11 


" 42998 32570 
52986] 141 | . 43032 ne 32383) 184 | | 08866 14 | - 91856] }? | 43 
52815) tf | .43067| 55 | /32197/ tee | . 08880] f5 | . 91845) 15 | 42 

52645 43101) 32 | . 32012] 18° | ‘ oggg3) 13 | | 91833] 1? | 41 


_- 52645) 471 _- 08893 
2.52474 0. 43136 9, 31826 7. 08907 0, 91822 40 
-52304| 17° | 43170 oe 31641 ee 08920} 13 | . 91810] 57 | 39 
52134] 120 | | 43205] $9 | :31456| 185 | ‘ ogoa4) Tf | | 91799| 15 | 38 
Esieasi | ht abogolce st) 08948 

51795 . 43274| $3 | -31086| 185 |  ogoe2| 13 | 91775) 12 
2. 51626 -08975| 14 |0. 91764] 15 | 35 
51457 - 08989] 44 | - 91752) 1] | 34 
51289 " 43378 "30534 "09003 91741 

"51120; 169 |: 34 | ° 183 |" 99017| 141 | Me 
50952] 168 | | 43447] 25 | | 30167/ 184 | : 09030) 13 | .91718| fo |_31 


1. 09044) ;4 0. 91706) 49 30 


—_ 
for) 
Wo) 
So 
— 
(st) 
wo 
i=) 
ee) 
w 
or 
nw 
w 
ise) 
wo} 
(=) 
iw} 
—_ 
Go 
ns 
= 


2. 50784 


"50617 oH . 43516) 39 | . 29801 iS 09058} 14 | . 91694} ;7 | 29 

50449, 188 | | 43550] $5 |: 20619] 182 | | 09072] 17 | . 91683] 45 | 28 

50282| 16. | : 43585] 32 | °20437| 182 | ° ogoge) 13 | . 91671) 17 | 27 

50115] {64 | . 43620] $3 | 20254] 183 |‘ o9099] 17 | 91660 15 | 26 

57 |2: 49948| iq |0. 43654] 3, [2 20073) ja |1. 09113] 14 |0. 91648] jo | 25 

36 | . 40035| 27 | 49782, 166 | | 436g9) 32 | 28801] 18? | ooi27| 17 | . 91636] 17 | 24 
37 | | 40062| 27 | 49616 186 | | 43724] $2 | <28710| 18) | - 09141) 74 | . 91625] 35 | 23 
38 |  40088| 28 | | 49450) 186 | | 43758) $3 | | 28528, 182 |‘ o915s| 77 | . 91613] 15 | 22 
39 | 40115) 27 |‘ 49284) 18° | | 43793] 2? | | 28348] 189 | | oo16o| 1% |. 91601| 57 |_21 
40 |0. 40141] 5, [2.49119 54, |0. 48828| 3, [2 28167| 59, [1 09183) 1, |0. 91590] ,, | 20 
ai Patios ai toad ge [se 38 Parner) a? [amie 1 ata 3 | 
43 | . 40221) 26 | ‘ agez4 182 | | 43032| 39 | 27626 189 | ‘ ooz24| 17 | . 91555) 49 | 17 
44 | 40248) 27 | | 48459) 18? | . 43066) 32 | .27447| 122 | ° og238| 1% |. 91543] 75 |_16 
45 |0. 40275] 54 |2. 48205] 34, |0.44001| 35 |2.27267/ 574 |1. 09252] ,4 |0. 91581] 15 | 15 
BAM gree Gene 204 Ol zane oo Al opcoal, 172.11. aeanol 41| Sousa tea 
48 | _ 40355] 27 | | 47804, 163 | ¢ 44105] 34 | ‘26730 179 |< og204] 14] | 91496] 12 | 12 
49 | | 40381| 2 | ‘47640; 164 |? 4ar4ol 25} 26552| 178 |‘ o930s| 14] | o14ga] 12 | 17 
| 49 | . 40381) 57 | . 47640) 165 | . 44140) 35 | . 26552) j73 | 15 |- ioe 
50 |0. 40408] 54 |2. 47477) 34 |0. 44175] 35 [2.26874 57, |1. 09823] ,4 |0. 91472] 1] | 10 
ai fsoass 26 Para eg (Hag Se zee is | gee a] oth ib) 
53 | . 40488) 27 | | ae0g9| 183 | 44270] 32 |. 25840) 128 | | 09365] 34 | . 91437] 19 | 7 
54 | 40514) 59 | | 46827| 362 | 44314] 32 | | 25663, 142 |. 09379] 17 | 91425] 17 |_ 6 
2 re ppe 208 | sale | (aby ae Pra ae Perret LL bres boee| F 
57 | 40594| 27 | | 46342| 162 | 44ais) 34 |< 25739] 177 |‘ ogaeil 141° 91390) 2 | 3 
58 | | 40621; 22 | | 46181| 16! | ° 44453) 32] ° 176 | * 99435] 14 | | 1378] 12] 2 

af An er a] 444031 32 | 24956 176 | | ooassl 34 |. 5 

59 | 40647) 2° | 46020) ip, | . 44488] 32 |. 24780| Tye | . 09449] 7. | . 91366] 4; | 1 
60 |0. 40674 2) 45859 0. 44523 2) 24604 1. 09464 0. 91355 0 
rn ; A 
113°- ©°s pit sec ae cot pitt tan ee csc Be sin PreGG? 
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TABLE 31 


Natural Trigonometric Functions 


0 10. 40674 . 24604 60 
1 | . 40700 . 24428 59 
2 | . 40727 , 24252 58 
3 |. 40753 . 24077 57 
4]. 40780 . 23902 56 
5 10. 40806 ETOH 55 
6 | . 40833 . 23553 54 
7 |. 40860 . 23378 53 
8 | . 40886 . 23204 52 
9}. 40913 . 23030 51 
10 |0. 40939 . 22857 50 
11 | . 40966 . 22683 49 
12 | . 40992 . 22510 48 
13 | . 41019 . 22337 47 
14] . 41045 . 22164 46 
15 |0. 41072 . 21992 45 
16 | . 41098 . 21819 44 
V7 At 25 . 21647 43 
18 | . 41151 . 21475 42 
19 | . 41178 . 21304 41 
20 |0. 41204 OTS? 40 
i || Aisi . 20961 39 
DD ||. AAS . 20790 38 
23 | . 41284 . 20619 37 
24 |-. 41310 . 20449 36 
25 10. 41337 2. 20278 35 
26 | . 41363 . 20108 34 
27 | . 41390 . 19938 33 
28 | . 41416 . 19769 32 
29 | . 41443 . 19599 31 
30 }0. 41469 . 19430 30 
31 | . 41496 . 19261 29 
32 | . 41522 . 19092 28 
33 | . 41549 . 18923 27 
34 | . 41575 . 18755 26 
35 10. 41602 2. 18587 25 
36 | . 41628 . 18419 24 
37 | . 41655 . 18251 23 
38 | . 41681 . 18084 22 
39 | . 41707 . 17916 21 
40 10. 41734 . 17749 20 
41 | . 41760 . 17582 19 
AQ eA 7S 7 . 17416 18 
43 | . 41813 . 17249 17 
44 | . 41840 . 17083 16 
45 10. 41866 2. 16917 15 
46 | . 41892 . 16751 14 
47 | . 41919 . 16585 13 
48 1 | 41945 . 16420 12 
49 | . 41972 . 16255 11 
50 J0. 41998 2. 16090 10 
51 | . 42024 . 15925 9 
52 | . 42051 . 15760 8 
53 | . 42077 . 15596 7 
54 | . 42104 . 15432 6 
55 10. 42130 2. 15268 5 
56 | . 42156 . 15104 4 
‘ar ||, Zens . 14940 3 
58 | . 42209 Sey 2 
59 | . 42235 . 14614 1 
60 |0. 42262 2. 14451 0 
t 4 
114°> cos tan -65° 


TABLE 31 
Natural Trigonometric Functions 
o> ‘ ‘ , ; 

25 sin ae csc ae tan sta cot wee sec 

0 |0. 42262 . 36620 0. 46631 2. 14451 1. 10338 

1 | . 42288) 29 | ° 36473 hy | «46666 G2 | Maesi hte |:410868 

2 | . 423815 26 . 36325 147 . 46702 35 . 14125 162 . 10368 

Sh |) RT 26 . 36178 147 . 46737 35 . 18963 162 . 10383 

4 | . 42367 27 . 36031 146 . 46772 36 . 13801 162 . 10398 

5 10. 42394 26 . 85885 147 0. 46808 35 2. 13639 162 1. 10413 

6 | . 42420 yr . 85738 146 . 46843 36 oA 161 . 10428 

7 | . 42446 97 . 85592 146 . 46879 35 . 18316 162 . 10443 

8 | . 42473 96 . 35446 146 . 46914 36 . 18154 161 . 10458 

9 | . 42499 26 . 35300 146 . 46950 35 . 12993 161 _. 10473 
10 |0. 42525 27 pes Yay bay! 145 0. 46985 36 2. 12832 161 1. 10488 
WE 42552 26 . 35009 146 . 47021 35 . 12671 160 . 10503 
12 | . 42578 26 . 34863 145 . 47056 36 melon 161 . 10518 
13 | . 42604 97 . 34718 145 . 47092 36 . 12350 160 . 10533 
14 | . 42631 26 134573 144 . 47128 35 . 12190 160 . 10549 
15 |0. 42657 26 . 34429 145 0. 47163 36 2. 12030 159 1. 10564 
16 | . 42683 26 . 84284 144 . 47199 35 . 11871 160 . 10579 
17 | . 42709 27 . 84140 144 . 47234 36 plaza 159 . 10594 
18 | . 42736 26 . 83996 144 . 47270 35 . 11552 160 . 10609 
19 | . 42762 26 . 83852 144 . 47305 36 . 113892 159 . 10625 
20 |0. 42788 27 . 833708 143 0. 47341 36 211233 158 1. 10640 
21 | . 42815 26 Ras teyale}5) 143 . 47377 35 pki 159 . 10655 
22 | . 42841 26 |- 33422 144 . 47412 36 | - 10916 158 . 10670 
23 | . 42867 97 . 83278 143 . 47448 355 . 10758 158 . 10686 
24 | . 42894 26 733135 142 . 47483 36 . 10600 158 . 10701 
25 |0. 42920 26 . 32993 143 0. 47519 36 2. 10442 158 1. 10716 
26 | . 42946 26 . 32850 142 PAOD 35 . 10284 158 7 L031 
27 | . 42972 7 . 32708 142 . 47590 36 . 10126 157 . 10747 
28 | . 42999 26 . 32566 142 . 47626 36 . 09969 158 . 10762 
29 | . 48025 26 . 82424 142 . 47662 36 . 09811 157 . 10777 
30 j0. 48051 26 . 82282 142 0. 47698 35 2. 09654 156 1. 10793 
31 | . 43077 27 . 32140 14] 5 BSS 36 . 09498 157 . 10808 
32 | . 43104 26 . 31999 141 . 47769 36 . 09341 157 | . 10824 
33 | . 438130 26 . 81858 14] . 47805 35 . 09184 156 . 10839 
34 | . 48156 y » laaly 141 . 47840 36 . 09028 156 . 10854 
35 10. 438182 27 . 81576 140 0. 47876 36 2. 08872 156 1. 10870 
36 | . 43209 26 . 31436 141 . 47912 36 . 08716 156 . 10885 
at | . 43235 26 Bol295 140 . 47948 36 . 08560 155 . 10901 
38 | . 43261 26 Zo 15 140 . 47984 35 . 08405 155 . 10916 
39 | . 438287 26 . 81015 140 . 48019 36 . 08250 156 . 10932 
40 |0. 43313 27 . 80875 140 0. 48055 36 2. 08094 155 1. 10947 
41 | . 43340 26 . 80735 139 . 48091 36 . 07939 154 . 10963 
42 | . 43366 26 . 830596 139 . 48127 36 . 07785 155 . 10978 
43 | . 48392 26 . 80457 139 . 48163 35 . 07630 154 . 10994 
44 | . 43418 27 . 830318 139 . 48198 36 . 07476 155 . 11009 
45 |0. 43445 26 . 830179 139 0. 48234 36 2. 07321 154 1. 11025 
46 | . 438471 26 . 30040 139 . 48270 36 . 07167 153 . 11041 
47 | . 48497 26 . 29901 138 . 48306 36 . 07014 154 . 11056 
48 | . 48523 26 . 29763 138 . 48342 36 . 06860 154 . 11072 
49 | . 48549 26 . 29625 138 . 48378 36 . 06706 153 . 11087 
50 0. 48575 27 . 29487 138 0. 48414 36 2. 06553 153 1. 11103 
51 | . 48602 26 . 29349 138 . 48450 36 . 06400 153 > Litig 
52 | . 48628 26 . 29211 137 . 48486 35 . 06247 153 5 Ls 
53 | . 48654 26 . 29074 137 . 48521 36 . 06094 152 » LEO 
54 | . 48680 26 . 28937 137 . 48557 36 . 05942 152 . 11166 
55 |0. 43706 97 . 28800 137 0. 48593 36 2. 05790 153 1. 11181 
56 | . 48733 26 . 28663 137 . 48629 36 . 05637 152 . 11197 
57 | . 48759 26 . 28526 136 . 48665 36 . 05485 152 Salva 
58 | . 43785 26 . 28390 137 . 48701 36 . 05333 151 . 11229 
59 | . 43811 26 . 28253 136 . 48737 36 . 05182 152 . 11244 
60 0. 43837 , 28117 0. 48773 2. 05030 1. 11260 
115° ae sec ae cot pe tan ata csc 
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TABLE 31 


Natural Trigonometric Functions 


. 43837 : h 2. 05030 
. 43863 : : . 04879 
. 43889 : : . 04728 
. 43916 : : . 04577 
. 438942 . : . 04426 


. 43968 : ; 2. 04276 
. 43994 3 : . 04125 
. 44020 : 3 . 03975 
. 44046 ; A . 03825 
. 44072 : : . 03675 


. 44098] 5, |2. 26 j . 03526 
. 44124 . 26 ; . 03376 
. 44151 . 26: 5 . 03227 
. 44177 ‘ : . 03078 
. 44203 ie 3 . 02929 


15 }0. 44229 p ; . 02780 
. 44255 : : . 02631 
. 44281 : : . 02483 
. 44307 6 . . 02335 
. 44333 : ‘ é . 02187 


. 44359 h ) 2. 02039 
. 44385 E : . 01891 
. 44411 : , . 01743 
. 44437 : : . 01596 
. 44464 : : . 01449 


. 44490 : : . 01302 
. 44516 ; : . 01155 
. 44542 ; ‘ . 01008 
. 44568 : : . 00862 
. 44594 : : . 00715 


30 0. 44620 ; } . 00569 
. 44646 5 é . 00423 
. 44672 : : . 00277 
. 44698 : : . 00131 
. 44724 : : . 99986 


. 44750 ; } 1, 99841 
. 44776 : : . 99695 
. 44802 : : . 99550 
. 44828 ‘ : . 99406 
. 44854 i ; . 99261 


40 |0. 44880 : h . 99116 
. 44906 : ; . 98972 
. 44932 : . . 98828 
. 44958 : : . 98684 
. 44984 : : . 98540 


45 10. 45010 . 221 : . 98396 
46 | . 45036 : F . 98253 
. 45062 : : . 98110 
. 45088 : : . 97966 
. 45114 : ; . 97823 


: i 1. 97681 
. 45166 . : . 97538 
. 45192 ; : . 97395 
. 45218 : ; . 97253 
. 45243 : : 5 Penal 


55 0. 45269 , : . 96969 
56 | . 45295 A ‘ . 96827 
. 45321 : ‘ . 96685 
. 453847 " ; . 96544 
59 | . 45373 : , . 96402 
60 j0. 45399 : L . 96261 


t : : : 
116° cs ; ; |} tan 


ODNIOO © 


> laencmel 
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TABLE 31 
Natural Trigonometric Functions 
; : _ : -152° 
V sin ia csc a tan me cot ae sec ae cos | pitt 52 
as 
0 |0. 45399 2. 20269 0. 50953 1. 96261 1. 12233 0. 89101 60 
1 | . 45425] 3° | 20143| 13° |. 50980] 36 | 96120) 141 | . 12249] 18 |< so087| 14 | 59 
2). 45451 26 | ° 20018 126 . 51026 347 . 95979 14] . 12266 i7|- 89074 13 58 
3 | . 45477 26 |: 19892 125 . 51063 36 | - 95838 140 . 12283 16 |° 89061 13 57 
4] . 455038 26 |_ 19767 125 . 51099 37 |: 95698 141 . 12299 17 . 89048 13 56 
5 10. 45529 25 2. 19642 125 0. 51136 37 1. 95557 140 1. 12316 17 0. 89035 ap 55 
6] . 45554 26 |: 19517 124 . 91173 36 . 95417 140 . 12333 ‘6 . 89021 13 54 
7 | . 45580 26 | ° 19393 125 . 51209 37 | - 95277 140 . 12349 i7|- 89008 13 53 
8 | . 45606 26 | - 19268 124 . 51246 37 | - 95137 140 . 12366 17 . 88995 14 52 
9 | . 45632 26 | 19144 125 . 1283 36 | 94997 139 . 12383 7 \- 88981 13 51 
10 |0. 45658 26 2. 19019 124 0. 513819 37 1. 94858 140 1. 12400 16 0. 88968 13 50 
11 | . 45684 26 |: 18895 123 . 51356 37 | - 94718 139 . 12416 i7\- 88955 13 49 
12 | . 45710) 5, | . 18772 124 . 61393 . 94579 139 . 12433 iv|- 88942 48 


13 | . 45736 Be . 18648] 154. | - 51430 -94440| 139 | . 12450] 74 | . 88928 a 47 
14 | . 45762| 26 | 18524) 123 |. 51467 94301] j3¢ |. 12467] 14 |. 88915 46 


15 |0. 45787 26 2. 18401 124 |9- 51503 37 1. 94162 139 |L- 12484) ,7 |0. 88902 14 45 
16 | . 45813 26 | - 18277 123 . 51540 37 | - 94023 138 . 12501 i7\- 88888 13 44 
17 | . 45839 . 18154 . 51577] ¢ . 93885 . 12518 . 88875 43 


18 | . 45865 # "18031, 123 | | 51614 37 | | 93746 139 | * 19534] 16 | ° gsgea 43 || P42 
19 |. 45891] 28 |‘ 17900] 122 | | 51651 93608] }38 |. 12551] 12 | . 88848 4] 


20 j0. 45917 95 [2 17786] 493 0. 51688 36 |1- 93470) 49g {I- 12568} 7 |0. 88835 13 
21] . 45942 26 | - 17663) 190 . 51724 37 | - 93332) 197 . 12585 . 88822) 1) | 39 
22 | . 45968 26 | - 17541 122 . 51761 37 | - 93195 138 . 12602) 57 |. 88808 13 38 
23 | . 45994 . 17419 . 51798 . 93057 . 12619 . 88795 37 


24 | | 46020| 3° | ° 17207 432 || 5 51885 a 92920 ee " 12636 ie  88782| 13 | 36 
25 |0. 46046] 5, 12.17175| joo |0. 51872| 3- |1. 92782] 137 |i. 12653) ,, |0. 88768] 5, | 35 
26 | . 46072] 26 | 17053) 12? |. 51909] 3% | 92645] 13% | ° 12670) 1f | . 88755] 19 | 34 
27 | . 46097 - 16932| 12) | 51946 92508 "12687 "88741 33 


28 | . 46123 * : 16810] 137 | . 51983 99371 ‘3 12704] 14 | 88728 13 | 39 
29 | . 46149) 36 | 16689] 131 | . 52020 " 92235 12721 " 88715 


— ily 14 
30 |0. 46175 26 2. 16568) 49, 0. 52057 1. 92098 ie 1. 12738 17 0. 88701 13 30 
31] . 46201 25 |° 16447} 5) . 52094 37 | - 91962 136 12755) 37 |. 88688 14 29 
32 | . 46226 26 |: 16326 120 . 52131 37 | - 91826 136 12772) 37 |. 88674 13 28 
33 | . 46252 . 16206 . 52168 . 91690 . 12789 . 88661 27 


34 | _ 46278] 2° | 6085} 121 |’ 59005] 37 | ‘91554, 136 | | 12807] 18 | | 88647) 14 | 26 


— 26 120 37 136 17 13 J+ 
35 10. 46304 26 2.15965} j99 40. 52242 37 {I- 91418 136 |L- 12824) j7 0. 88634 14 25 
36 | . 46330 25 | ° 15845) 199 . 52279 37 |: 91282 135 . 12841) 57]. 88620 13 24 
37 | . 46355 . 15725 : 52386) o> yf  O1L47 . 12858 . 88607 23 


38 | . 46381| 26 | | 15605} 129 | > 59353] 37 | | o1012] 135 | | 19875] 12 | | 88503) 14 | 22 


39 | | 46407 oe "15485 2 . 52390] 34 | . 90876 ie 19892 ie 88580] }% | 21 
40 |0. 46433] 5, |2. 15366] jo, |0.52427| 5- |1.90741| 44, |1. 12910] j~ |0. 88566| ,, | 20 
41 | . 46458] 29 | 15246 120 | 52464] 37 | 90607) j35 | . 12927] 37 | . 88553) 74 | 19 
42 | | 46484) 56 | 15197] ji |. 52501| 3/ |. 90472) 132 | 129044] 34 | 88539) 13 | 18 
43 |. 46510| 26 | - 15008) 472 | 52538 34 | 90337] 13> | . 12961] 3 | . 88526] 44 | 17 
44 | . 46536) 2° | | 14889] j19 | 52575] 32 | 90203) 134 |. 12979] 35 | . 88512) 13 | 16 
45 |0. 46561) 5, |2. 14770 544 0.52613] 3, |1. 90069) 53, |i. 12096] 57 0. 88499) | | 15 
46 | . 46587| 26 | 14651) 31) |. 52650] 32 |: 89035) 134 | . 13013) 12 | . 88485] {3 | 14 
47 | | 46613) 26 | 14533) 118 | | 52687 37 | -sog01) 337 | . 13031] 17 | .88472| 14 | 13 
48 | 46639] 28 |‘ i44i4] 112 | | 52724) 37 | soee7| 134 | . 13048) 74 | . 88458) 75 | 12 
49 | : 46664] 2? | ‘14206 }18 | | 52761] 32 |. 89533) 133 |. 13065] 78 | 88445) 74 | U1 
50 10. 46690| 5, |2. 14178] 1,9 |0. 52798| 3. |1. 80400] ,3, |i. 13083] ,7 |0. 88431] |, | 10 
51 | . 46716| 22 |. 14060] 318 | . 52836 32 | 80266] 533 | . 13100 34 | .88417| 13] 9 
52 |  46742| 5° | 13042, 118 || 52873) 37 | -30133) 333 | . 13117] 7 | - 88404] 14 | 8 
53 | . 46767| 5° | 13825) 11% | 52010 32 | 89000) 133 | . 13135] 47 | . 88390] 73] 7 
54 | . 46793] 50 | .13707| j15 |_.52947| 34 | .88867| j35 |. 13152| 49 | 88377) 47 | 6 
55 10. 46819| 5, |2.13590| 5,7 |0. 52985] 3. [1.88734] 435 1. 13170] 17 |0. 88363] 14] 5 
56 | .46844| 29 | 13473) {12 |: 53022] 37 | sseoa) 132 |. 13187| 15 | -88349| 13] 4 
57 | . 46870| 5° | 13356] 414 | . 53059] 37 | 88469] 353 | . 13205] 17 | . 88336] 74 | 3 
58 | : 46896| 3° | -13239| t17 | | 53096] 32 | . 88337] t35 | . 13222] 17 | 88322; 14] 2 
59 | . 46021) 2° | -13122) I! | | 53134] 38 | - 88205] i535 |. 13239] yo | 88308, 33 | 1 
60 |0. 46947 2. 13005 0. 53171 1. 88073 1. 13257 0. 88295 0 
117° cos ae sec ae cot mr tan i csc te sin pim62° 
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TABLE 31 


Natural Trigonometric Functions 


0. 47460 
. 47486 
. 47511 
. 47537 
. 47562 


0. 47588 
. 47614 
. 47639 
. 47665 
. 47690 


. 47716 
. 47741 
. 47767 
. 47793 
. 47818 


. 47844 
. 47869 
. 47895 
. 47920 
. 47946 


. 47971 
. 47997 
. 48022 
. 48048 
. 48073 
45 }0. 48099 
46 | . 48124 
. 48150 
. 48175 
. 48201 


. 48226 
. 48252 
. 48277 
. 48303 
. 48328 


. 48354 
. 48379 
. 48405 
. 48430 
59 | . 48456 
60 |0. 48481 


t 
118° 008 
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TABLE 31 : 
%e i 10ns 
Natural Trigonometric Func «150° 
ota Be ae EM Ce. alice 
oy . Diff. tan ue cot ly es 
29 sin ae ese 1 } 60 
¥ ; 87462) 14 
1. 14335) 19 48| 141 59 
9 Jo. a8483] 95 [2 06207) gp. fo. 543 sspoumei as dt) eas s7420| 14 | 37 
; 5 : 12 4391 6 
1 | . 48506] 52 06050; 298 | ' 55507 38 | * 30034 1 18 | * 97406 5 
a - : P83 4409 2 15 i 
. . 123 |-—__—_ 87391) 14 
3 | . 48557) 56 05835| oq |. 55583 38 | 1. 14428] 1. 5A 
. 788) 193 87377) 14 
4 | . 48583) 52 108 055601 3g |}. 79 123 |" 14446 19 63 53 
ABE ety ONG Fences | Geass 18 | * 87349 2 
7 97 a 123 14483 l4] 5) 
6 | . 48634) 5. 05512| 10 55697] 39 79419 f 19 | * 97335 
, 7 36 . 123 14502 14 |—— 
Bl eases 20 | Cucumen: 10 peng eeu Stags : 19 |-e7391 50 
: 7 774 : 122 21 873 15 
Pilea ren20 di Checsat, 1d oo ese ae 1. 14521) 18 6 49 
; : T 1. 79174 123 9 8730 14 
9 | . 48710] 52 10 55812) 56 - 14539) 19 292 48 
79 lo 42735 2. 05191 107 50 . 79051 122 14558 87 14 7 
10 ]0. 48735 26 05084 558 38 78929 . 18 87278 4 
7 888 f 122 14576 4} 14] 46 
11 | . 48761 25 04977 a 55 38 78807 122 : 19 87264 
; 5 14 
12 | . 48786 25 04870 107 55926 38 78685 122 High a 19 87250 45 
13 | . 48811 26 04764 106 . 55964 39. See 1. 14614 18 5 15 44 
. 0 ASA 8563 22 8723 14 
ae 2. 04657) 196 al 78441) 155 14651 87 14] 45 
fel oageesuee Pinaces Reuse es (ecais 121 | 14670] 19} ° 7207] 14 
16 | . 48888) 5; 94445| 106 56079) 39 78198 - 14670) 49 87193 41 
, ; Dit 14689 15 
17 | . 48913) 95 04339] ijg | 56117 38 TEOTING fay al: 18 o-37178 40 
18 | . 48938 26 | * 94933; 106 56156) 3¢ | _- 7955 1. 14707) 9 87164) 14] 39 
1) } 2 88964)" 55 | 105 bse 104 et Ty at oh. 4zaenee 7150| 14} 38 
BY oaeaaane® (eeaass Dearest Genus 121 |- 19 | * 97136 
; 64 15 | 36 
21 | . 49014 26 | 03916 106 56270) 39 77592) 194 ies 18 | ° 97191 14 
ele cenecice PP onene.; 105 att pone Sedat ta7ilia (oy afin 1eneaye s 87107 35 
Be Al igec eh 35 03706 jp |. 56347) 38 | | 1. 14801] 19 eahars ih cae 
: 5 1.77351) 49) 20 87093) 14 
24 | . 49090] 5? 10 56385| 39 5 Rep cenie partes 33 
SE 2. 03601) 195 424 - 77230) 199 14839 87079) 45 39 
25 |0. 49116] 5. 03496] j95 | . 56424) 3° 77110! 399 | - 19 | | 87064 
4858 14) 31 
el aeqpeanee | Codaas tos | - 96462] 38 76990) 45, | - 1 oy Si0sOye.. eet 
‘ . 877 14 
27 | . 49166 26 | * p3086 ny 56501 38 76869) y99  |_- 14877) 49 0. 87036 30 
De agar7bee | Coseaes , 10 56539) 38 | - 1. 14896] 59 21] 4° | 29 
; 5 1. 76749) 199 914 87 14 
29 | . 49217 25 10 56577 39 9 .14 19 7007 28 
2.03077) 104 616 . 76629] 119 14933 8 14 | 957 
30 }0. 49242 26 02973) 56 38 76510 is 19 86993 5 
. 02 104 6654 : 120 | * 14952 19 15 | 96 
31 | . 49268) 5. 02869 5 39 | | 76390 . 86978) 54 | 26 
; 04 6693 ; 119 ~ 149 7a gaa Hse RAS || 
32 | . 49293) 95 02765, } 5 38 | | 76271 aT AGA 6964 a6 
‘104 6731 AS WE) 990 8 15 
33 | . 49318 26 02661 5 38 Wee 19 949 24 
104 = 1.76151) 449 5009 86 14 
34 | . 49344] 3° = 56769) 59 9 Tepeeneel| Sereas 23 
oe |2. 02557 104 6808 . 7603 119 15028 14 | 959 
Be Are aaaoaued |e panes 5 38 | | 75913 19 | 86921) 14 | 2 
; 104 6846 119 | | 15047 19 21 
36 | . 49394 25 02349 5 39 75794 86906 Atlas 
3 103 6885 : 119 | * 15066 19 1 0 
37 | . 49419) 58 02246 5 38 | * 75675 86892 2 
103 6923 119 5085 78| 14] 49 
38 | . 49445 25 02143 5 39 11 20 6878 1 
2 104 1.75556) 449 105 8 15 
pee 2. 02039} 198 000 - 75437) 148 15124 14] 57 
40 10. 49495) 5, 01936 57 39 | "75319 19 | * 36849 5 
; 03 7039 119 | "15143 19 15 | 16 
41 | . 49521) 5. 01833| | 5 39 | * 75200 . 86834) 74 |_16_ 
103 7078 . 118 . 15162) 79 |_. 86834 1 5 
ra [ree Beta Rees 5 38 | * 75082 eee 86820 1 
02 7116 118 181 15] 44 
Gh Gaeoates WOeteeh 2 5 39 * y2a001 19 | sesos} 15 | 4 
: 03 1. 74964) 11 5200 8 14 
44 | . 49596) 56 |_. 01628) | 57155] 9¢ 6 18 19 | * S6791 13 
A GeDD 2.01525} 198 7193 . 74846) 148 15219 SF hate 
45 |0. 49622) 5. 01422 5 39 | “74708 20 | * 36777 15 
- 01424 102 7232 : 118 | * 15239 19 11 
46 | . 49647/ 5° 01320 5 39 |” 74610 86762) 14 
02 7271 118 | * 15958 19 10 
po aeeen eb | Serer sree ee tocies 86748 
102 7309 117 5277 15 | 9 
48 | . 49697 26 01116 a5) 3) || 2 1. 1527 19 6733 
192) Hee 1. 74875] 348 296 8 14) 3 
49 | . 49723 OFA ae 57348 38 7 2 Pals: 19 86719 
a 2.01014) 99 7386 7425 117 15315] 99 15 7 
50 |0. 49748 25 00912 5 39 74140 : 2 86704 14 
; “| 102 7425 118 | * 15335 19 6 
51 | . 49773) 52 00810 5 39 | 74022 86690) 5 
102 7464 117 | | 15384 19 5 
pe ile esea log cecne : 39 | * 73905 86675 
101 7503 7 117 5373 14] 4 
PANE Gasdanee | Bopage 5 38 ii 20 | 86661 
: 102 1. 73788 Lit 303 15 3 
54 | . 49849) 55 |. 00607 57541) 39 1 Depa 86646 
rie Be Aca 2.00505] 19) 7530) 73671) 116 15412) 49 4] 9 
55 10. 49874) 5. 00404 5 39 | * 73555 19 | | 86632 15 
; 101 7619 117 | * 15431 20 7 1 
101 57657 ee) ee 19 0 
101 57696 11 1. 15470 
one ed Mabie 1 | -5 39 11° 73905 Dift., 2 
9 | . 49975 10 57735 Diff i iff. ¢ Mo 
oh 0. 50000! 2° |2. 90000 . pit}, Diff esc |, ] sin’ | 47260 
Meer 6 ls Diff cot 1 an 1 
t Diff. sec 1! 
119° 98 |" 
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TABLE 31 


Natural Trigonometric Functions 


se 
L Sl 


n 


0 0. 50000 , 0. 57735 
1 |} . 50025 F . 57774 
2 | . 50050 ; . 57813 
3 | . 50076 : . 57851 
4] .50101 4 . 57890 
5) 
6 
7 
8 


0. 50126 . 57929 

. 50151 : . 57968 

. 50176 : . 58007 

. 50201 5 . 58046 

9 | . 50227 ; . 58085 
10 }0. 50252 F . 58124 
. 50277 : . 58162 

. 50302 : . 58201 

. 50327 : . 58240 

. 50352 ; . 58279 


0. 50377 : 0. 58318 
. 50403 : . 58357 
. 50428 : . 58396 
. 50453 ; . 58435 
. 50478 : . 58474 


0. 50503 : . 58513 
. 50528 , . 58552 
. 60553 : . 58591 
. 50578 : . 58631 
. 50603 é . 58670 


25 10. 50628 F . 58709 
26 | . 50654 ; . 58748 
27 | . 50679 q . 58787 
28 | . 50704 : . 58826 
29 | . 50729 ‘ . 58865 


30 ]0. 50754 : . 58905 
31 | . 50779) 5- | . 96932 . 08944 
32 | . 50804) 5, | . 96835 . 58983 
33 | . 50829 . 96738 . 59022 
34 | . 50854 . 96641 . 59061 
35 10. 50879 1. 96544 . 59101 
36 | . 50904 . 96448 . 99140 
37 | . 50929 . 96351 OOLT9 
38 | . 50954 . 96255 . 59218 
39 | . 50979 . 96158 . 59258 


40 10. 51004 1. 96062 0. 59297 
41 | . 51029 . 95966 . 59336 
42 | . 51054 . 95870 . 59376 
43 | . 51079 . 95774 . 99415 
44 } . 51104 . 95678 . 59454 
45 |0. 51129 . 95583 . 09494 
46 | . 51154 . 95487 . 59533 
ATW .oll79 . 95392 . 59573 
48 ] . 51204 . 95296 . 59612 
49 | . 51229 . 95201 . 59651 


50 |0. 51254 . 95106 . 59691 
al || SZ] as [Peel . 59730 
52 | . 51304! 5: | . 94916 . 59770 
53 | . 51329] 5, | . 94821 . 59809 
o4 | . 51354 . 94726 . 59849 


Zo 
55 0. 51379 1. 94632 . 59888 
6 | . 51404 . 94537 . 99928 
. 51429 . 94443 . 59967 
. 61454 . 94349 . 60007 
. 51479 . 94254 . 60046 
60 }0. 51504 1. 94160 . 60086 


t 
120° °°s ‘| sec : cot 


CORPNWEOYURONOO 


S> 
° 
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TABLE 31 


Natural Trigonometric Functions 


~ 


. 94160 . 85717 
- 94066 - 66 - 85702 
- 93973 ae : . 85687 
- 93879 - 85672 
. 93785 . 85657 
93692 - 85642 
93598 - 85627 
93505 - 85612 
93412 - 60. mits - 85597 
- 93319 ; . 85582 

1. 93226 - 60: . 85567 
93133 . : 85551 
93040 - 85536 
. 92947 - 85521 
. 92855 - 85506 


. 92762 : 5 : . 85491 
. 92670 : , : . 85476 
. 92578 : : E . 85461 
. 92486 : : ; . 85446 
. 92394 : : : . 85431 


. 92302 ; : y . 85416 
. 92210 ; . 64 ; . 85401 
. 92118 ‘ : : . 85385 
. 92027 C ; : é . 85370 
. 91935 nO . 63826 : . 85355 


. 91844 A . 63719 : . 85340 
. 91752 : . 638612 : . 85325 
. 91661 : . 63505 : . 85310 
. 91570 : . 63398 : . 85294 
. 91479 : . 68292 ; . 85279 


. 91388 : . 63185 ; . 85264 
. 91297 : . 63079 P : . 85249 
. 91207 : . 62972 ; . 85234 
. 91116 . . 62866 : . 85218 
. 91026 : . 62760 : . 85203 


. 90935 : . 62654 : . 85188 
. 90845 : . 62548 : . 85173 
. 90755 ; . 62442 ; . 85157 
. 90665 : . 62336 : . 85142 
. 90575 : . 62230 ‘ . 85127 


. 90485 : . 62125 : . 85112 
. 90395 j . 62019 : . 85096 
. 90305 4 . 61914 : . 85081 
. 90216 : . 61809 ; . 85066 
. 90126 : . 61703 ; . 85051 


1. 90037 h . 61598 ; . 85035 
. 89948 ‘ . 61493 : . 85020 
. 89858 : . 61388 : . 85005 
. 89769 * : . 61283 , . 84989 
. 89680 : OLA : . 84974 


. 89591 ; . 61074 ; . 84959 
. 89503 : . 60970 ‘ . 84943 
. 89414 ; . 60865 y F . 84928 
. 89325 ‘ 5 . 60761 : . 84913 
. 89237 : . 60657 : . 84897 


. 89148 ; . 60553 : . 84882 
. 89060 : H . 60449 ; . 84866 
. 88972 : . 60345 : : . 84851 
. 88884 : . 60241 : . 84836 
. 88796 : . 60137 : . 84820 
. 88708 ! . 60033 ‘ . 84805 


OONMDOPWNrO 


fe) 


sec : 1 tan ; ‘| sin 


DB? lounwpalanweo 
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TABLE 31 


Natural Trigonometric Functions 


cot 


0 10. 52992 25 1. 88708 88 0. 62487 40 1. 600383 103 1. 17918 21 0. 84805 16 60 
UM DS Ord 24 | ° 88620 88 . 62527 Wie le: 59930 104 . 17939 92 | - 84789 15 59 
2 3041 95 |: 88532 87 . 62568 40 |° 59826 103 . 17961 21 | - 84774 15 58 
3 | . 538066 25 |° 88445 88 . 62608 414 59723 103 . 17982 92 | - 84759 16 One. 
4]. 53091 94 |- 88357 7 . 62649 40 | 59620 103 . 18004 91 |: 84743 15 56 
LOS 53 UN5 25 1. 88270 87 0. 62689 41 1, 5957. 103 1. 18025 22 0. 84728 16 1559 
6 | . 53140 94 |° 88183 88 . 62730 40 |° 59414 103 . 18047 21 | ° 84712 15 54 
7 |. 53164 25 |° 88095 87 . 62770 rt i 59311 103 . 18068 92 | - 84697 16 53 
8 | . 53189 95 |° 88008 87 . 62811 4d 4 59208 103 . 18090 21 \°- 84681 15 52 
9 | . 53214 24 |: 87921 87 . 62852 40 |_ 59105 103 . 18111 92 |: 84666 16 Bib 
10 |0. 53238 25 1. 87834 86 0. 62892 41 1. 59002 102 ITSTS3 22 0. 84650 15 50 
1 | 5 538263 95 |° 87748 87 . 62933 40 |°- 58900 103 . 18155 21|- 84635 16 49 
12 | . 538288 94 |° 87661 87 . 62973 at G 58797 102 . 18176 22 | ° 84619 15 48 
IVa res x3 X39) (7 25 | ° 87574 86 . 638014 41 Vt 58695 102 . 18198 22 | - 84604 16 47 
14 1 2 53337 24 |: 87488 87 . 638055 40 | 58593 103 . 18220 21 | 84588 15 46 
15 }0. 58361 25 1. 87401 86 0. 63095 41 1. 58490 102 1. 18241 22 0. 84573 16 45 
16 | . 53386 25 |° 87315 86 . 63136 41 |- 58388 102 . 18263 92 | - 84557 15 44 
17 | . 53411 24 | - 87229 87 NOS 40 |° 58286 102 . 18285 22 | - 84542 16 43 
18 | . 538435 25 | ° 87142 86 1635217 41 |- 58184 101 . 18307 21 |- 84526 15 42 
19 . 53460 24 |- 87056 86 . 638258 ats 58083 102 . 18328 22 |- 84511 16 41 
20 10. 53484 25 1. 86970 85 0. 638299 at 1. 57981 102 1. 18350 22 0. 84495 15 40 
21 |) 3153509 25 | - 86885 86 . 638340 40 | ° 57879 101 S137 22 | - 84480 16 39 
22 | . 538534 24 |: 86799 86 . 63380 ER ie 57778 102 . 18394 22 | - 84464 16 38 
Pex || Laleptaares 25 |: 86713 86 . 63421 41° 57676 101 . 18416 211° 84448 15 oT 
24 | . 53583 24 |: 86627 85 . 638462 ree ie B15 05 101 . 18437 92 |: 84433 16 36 
25 |0. 538607 25 1. 86542 85 0. 63503 41 1. 57474 102 1. 18459 22 0. 84417 15 35 
26 | . 536382 24 |- 86457 86 . 63544 40 | ° 57372 101 . 18481 22 |- 84402 16 34 
2¢ | » 53006 25 |: 86371 85 . 63584 41 |? 57271 101 . 185038 22 | - 84386 16 353) 
28 | . 53681 24 |: 86286 85 . 63625 41 |- 57170 101 . 18525 22 | - 84370 15 32 
29 | . 538705 25 |: 86201 85 . 63666 Ai 12 57069 100 . 18547 92 |- 84355 16 31 
30 |0. 53730 24 1. 86116 85 0. 63707 41 1. 56969 101 1. 18569 22 0. 84339 15 30 
Si. Ils Oo tos 25 | - 86031 85 . 638748 41 \- 56868 101 . 18591 22 | - 84324 16 29 
Soe Roo we 25 |- 85946 85 . 63789 41\- 56767 100 . 18613 22 |- 84308 16 28 
33 | . 53804 24 | - 85861 84 . 63830 41 \- 56667 101 . 18635 22 | - 84292 15 27 
34 | . 538828 95 | 85777 85 . 63871 41 |- 56566 100 L1S657 92 |: 84277 16 26 
35 10. 53853 24 1. 85692 84 0. 638912 41 1. 56466 100 1. 18679 22 0. 84261 16 25 
36 | . 53877 25 |° 85608 85 » 63950 41 |° 56366 101 . 18701 22 | - 84245 15 24 
37 | . 53902 94 | - 85523 84 . 63994 AL |: 56265 100 L823 92 | - 84230 16 23 
38 | . 53926 25 |: 85439 84 . 64035 41\°- 56165 100 . 18745 22 | - 84214 16 22 
39 | . 53951 24 . 85355 84 . 64076 wie bs 56065 99 . 18767 93 |; 84198 16 21 
40 10. 538975 25 1. 85271 84 0. 64117 41 1. 55966 100 1. 18790 22 0. 84182 15 20 
41 | . 54000 24 |- 85187 84 . 64158 41\- 55866 100 . 18812 92 | - 84167 16 19 
42 | . 54024 25 |: 851038 84 . 64199 41 |- 55766 100 . 18834 92 | - 84151 16 18 
43 | . 54049 94 |- 85019 84 . 64240 rh ie 55666 99 . 18856 22 | - 84135 15 ile 
_44 | . 54073) 57 | 84935) 35 (| . 64281) 4) | . 55567] 59 |. 18878| 53 | . 84120] 7@ | 16 
45 |0. 54097 25 1. 84852 84 0. 64322 41 1. 55467 99 1. 18901 22 0. 84104 16 15 
AG 4a 24 | - 84768 83 . 64363 41]- 55368 99 . 18923 22 | - 84088 16 14 
47 | . 54146 95 |- 84685 84 . 64404 42 |- 55269 99 . 18945 92 | - 84072 15 13} 
48 | . 54171 94 | 84601 83 . 64446 41 \°- 55170 99 . 18967 23 |: 84057 16 12 
49 | . 54195 25 |: 84518 83 . 64487 41 |- 55071 99 . 18990 92 |: 84041 16 sal 
50 j0. 54220 24 1. 84435 83 0. 64528 41 1. 54972 99 1. 19012 22 0. 84025 16 10 
51 | . 54244 95 |° 84352 83 . 64569 41. \- 54873 99 . 19034 23 | - 84009 15 9 
52 | . 54269 OA . 84269 83 . 64610 42 |° 54774 99 . 19057 92 | 83994 16 8 
53 | . 54293 24 |- 84186 83 . 64652 41il§ 54675 99 . 19079 23 | - 83978 16 us 
D4 Ne otal 95 |: 84103 83 . 64698 “UE 54576 98 . 19102 92 |- 83962 16 6 
55 |0. 543842 24 1. 84020 82 0. 64734 41 1. 54478 99 1. 19124 22 0. 83946 16 5 
56 | . 543866 25 | - 83938 83 . 64775 42 54379 98 . 19146 93 |- 83930 15 4 
57 | . 54391 24 | - 83855 82 . 64817 41 54281 98 . 19169 92 | - 83915 16 3 
58 | . 54415 25 |- 83773 83 . 64858 41 54183 98 . 19191 23 | - 83899 16 2 
59 | . 54440 94 |: 83690 82 . 64899 42 54085 99 . 19214 92 |- 83883 16 1 
60 0. 54464 1. 83608 0. 64941 1. 58986 1. 19236 0. 83867 0 
rN ‘ } ; 3 : : in 
122°+¢9s it sec ie cot ie tan y esc pu sin 3 7e 
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TABLE 31 


Natural Trigonometric Functions 


w 

J) 
° 
Y 


cot 


< 


~ 


o 


. 54464 . 83608 j . 53986 . 19236 
. 54488 . 83526 : . 53888 . 19259 
. 54513 . 83444 : 5 . 53791 . 19281 
. 54537 . 83362 : . 53693 . 19304 
. 04561 . 83280 : . 638595 . 19327 


. 54586) 5, |1. 83198 ! . 53497 . 19349 
. 54610 . 83116 : . 53400 . 19372 
. 64635}. . 838034 ; . 53302 . 19394 
. 54659 . 82953 : . 538205 . 19417 
. 54683 . 82871 : . 53107 . 19440 


. 54708 . 82790 : . 538010 . 19463 
. 54732 . 82709 ? . 52913 . 19485 
. 54756 . 82627 : . 52816 . 19508 
. 64781 . 82546 ‘ . 52719 . 19531 
. 64805 . 82465 ; . 52622 . 19553 


15 |0. 54829 1. 82384 ; . 52525 . 19576 
. 54854 . 82303 : . 52429 . 19599 
. 54878 . 82222 : . 2332 . 19622 
. 54902 . 82142 : . 62235 . 19645 
. 54927 . 82061 ; . 52139 . 19668 


. 64951 . 81981 : . 2043 . 19691 
. 54975 . 81900 ; . 51946 LOTUS 
- 04999 . 81820 : . 51850 . 19736 
. 55024 . 81740 é . 51754 . 19759 
. 55048 . 81659 : . 51658 . 19782 


25 10. 55072 1. 81579 j . 61562 . 19805 
. 55097 . 81499 j . 51466 . 19828 
. 65121 . 81419 A . 51370 . 19851 
. 65145 . 81340 : . 61275 . 19874 
. 55169 . 81260 : . 51179 > NRE 


. 55194 . 81180 ; . 51084 . 19920 
. 55218 . 81101 ; . 50988 . 19944 
. 5242 . 81021 3 . 50893 . 19967 
. 55266 . 80942 : . 50797 . 19990 
. 55291 . 80862 ; . 50702 . 20013 


. 55315 . 80783 ; . 50607 . 20036 
. 55339 . 80704 ‘ . 50512 . 20059 
. 55363 . 80625 : . 50417 . 29083 
. 55388 . 80546 ; . 50322 . 20106 
. 55412 . 80467 ; . 60228 . 20129 


. 55436 . 80388 ! . 60133 . 20152 
. 55460 . 80309 : . 50038 . 20176 
. 55484 . 80231 : . 49944 . 20199 
. 55509 . 80152 , . 49849 . 20222 
. 65533 . 80074 : . 49755 . 20246 


Ree ee 
S 


45 |0. 55557 1. 79995 1. 49661 . 20269 
. 55581 5 EDU : . 49566 . 20292 
. 55605 . 79839 : . 49472 . 20316 
. 55630 . 79761 : . 49378 . 20339 
. 55654 . 79682 ; . 49284 . 20363 


. 55678 . 79604 L . 49190 . 20386 
. 55702 . 19527 : . 49097 . 20410 
. 55726 . 79449 : . 49003 . 20433 
. 55750 . 79371 ; . 48909 . 20457 
. 55775 . 79293 , . 48816 . 20480 


0. 55799 . 79216 : . 48722 . 20504 
. 55823 . 79138 : . 48629 . 20527 
. 55847 . 79061 ‘ . 48536 . 20551 
. 55871 . 78984 é . 48442 . 20575 

. 78906 : . 48349 . 20598 

. 78829 ; . 48256 . 20622 


nN : : 3 é 
123°- ©°s ‘| sec : ‘| tan 2 csc 


TABLE 31 
Natural Trigonometric Functions 
O- , : ; ; -145° 
34 sin mit csc ne tan ae cot ae sec ate cos ini, ¥ 
1 [4 
0 0. 55919 1. 78829 > 67451 1. 48256 1. 20622 0. 82904 60 
1 | 55943, 2% |. 78752, 27 | 67403] 42 | | 48163) 22 | ° 20645) 33 | . 82887 ES 
2 | . 55968) 54 | . 78675 77 67536 42 |° 48070 93 . 20669) 54 | - 82871) 16 | 58 
3 | . 55992) 54 | . 78598 77 67578) 45 | - 47977 92 - 20693) 54 | - 82855) 16 af 
4 | . 56016) 54 | . 78521 76 |: 67620 43 |— 47885 93 e207 93 | 82839) ;7 | 56 
5 |0. 56040) 94 |1. 78445 77 67663) 4o |1. 47792 93 |: 20740) 94 |0. 82822) 1, | 55 
6 | . 56064) 54 | . 78368 7 67705 43 | - 47699 92 |- 20764) 54 | - 82806] 16 | 54 
ft 56088/ 54 | . 78291 56 67748) 45 47607 93 . 20788] 54 | - 82790) 17 | 53 
8 56112) 54 | . 78215 77 67790) 45 47514 92 |- 20812 241° 82773) 16 | 52 
9 56136] 54 |_. 78138 76 . 67832) 49 | . 47422 92 |- 20836 59 | - 82757) 46 | 51 
10 }0. 56160) 5, |1. 78062 76 67875) 4o |1. 47330 92 |i. 20859) 54 10. 82741] 7 | 50 
11 | . 56184) 54 | . 77986 76 67917 43 47238 92 . 20883) 54 | - 82724/ 16 | 49 
12 | . 56208) 54 | . 77910 77 67960) 45 47146 93 - 20907| 54 | - 82708) 16 48 
13 | . 56232) 954 | . 77833 76 68002! 43 47053 91 . 20931) 54 | - 82692) 57 47 
14 | . 56256) 54 |_.77757 76 . 68045) 43 | . 46962 92 - 20955) 54 | - 82675) 16 46 
15 10. 56280) 55 |1. 77681 75 68088) 4o |1. 46870 gg |}. 20979) 44 |0. 82659) 16 45 
16 | . 56805] 54 | . 77606 76 68130) 49 46778 92 | - 21003) 94 | . $2643) 47 44 
17 | . 56329) 54 | . 77530 76 68173) 45 46686 91 . 21027) 54 | - 82626) 1¢ 43 
18 | . 56353) 54 | . 77454 76 68215) 43 46595 92 - 21051) 54 | - 82610) 57 42 
19 | . 56377) 54 |. 77378 755 . 68258) 43 | . 46503 92 | - 21075) 94 | - 82593) 16 | 41 
20 |0. 56401) 5, |1. 77303 76 68301) yo |l. 46411 91 |i. 21099) 94 0. 82577) 46 40 
21 | . 56425) 54 | . 77227 75 68343) 49 46320 91 . 21123) 54 | - 82561) 57 39 
22 | . 56449) 5, | . 77152 75 68386) 43 46229 92 | - 21147] 54 | - 82544) 16 38 
23 | . 56473) 54 | . 77077 76 68429) 45 46137 91 21171) 94 | - 82528) 57 37 
24 | . 56497/ 54 | . 77001 75 . 68471) 43 | . 46046 91 . 21195) 55 | - 82511) 16 36 
25 |0. 56521| 5, |1. 76926 75, 68514) 4 |1. 45955 gy Ji. 21220) 54 0. 82495) 17 35 
26 | . 56545| 5,4 | . 76851 75 68557] 43 45864 91 . 21244) 54 | - 82478) 76 34 
27 | . 56569| 5, | . 76776 75 68600) 45 45773 91 . 21268] 54 | - 82462) 76 33 
28 | . 56593) 5, | . 76701 76 68642) 43 45682 90 . 21292) 54 | - 82446) 17 a2 
29 | . 56617| 5, | . 76626 74 |_- 68685) 49 | . 45592 91 . 21316) 55 | . 82429) 1¢ 31 
30 j0. 56641 24 1. 76552 75 68728 43 1. 45501 91 1. 21341 24 0. 82413 17 30 
31 | . 56665) 54 | . 76477 7 68771) 43 45410 90 | - 21365) 94 | - 82396) 16 29 
32 | . 56689/ 54 | . 76402 74 68814) 43 45320 91 . 21389] 55 | . $2380} 17 | 28 
33 | . 56713) 55 | . 76328 75, 68857) 43 45229 90 . 21414) 94 | . 82363) 76 27 
34 | . 56736) 5) | . 76253 74 |. 68900] 45 | . 45139 90 |_-. 21488) 94 |_- 82347) 47 26 
35 |0. 56760 24 1. 76179 74 68942 43 1. 45049 91 1. 21462 25 0. 82330 16 25 
36 | . 56784| 54 | . 76105 74 68985) 43 44958 90 . 21487) 54 | . 82314) 47 | 24 
37 | . 56808/ 5, | . 76031 75, 69028) 43 44868 90 . 21511) 54 | . 82297) 36 23 
38 | . 56832| 5, | . 75956 74 69071] 45 44778 90 . 21535] 55 | . 82281) 17 22 
39 | . 56856] 54 |. 75882 74 . 69114) 49 | . 44688 99 |_- 24560) 54 | . 82264) 16 21 
40 |0. 56880 24 1. 75808 74 69157 43 1. 44598 90 1. 21584 25 0. 82248 17 20 
41 | . 56904) 5, | . 75734 73 69200} 43 44508 99 | - 21609) 54 | - 82231) 47 19 
42 | . 56928) 5, | . 75661 74 69243) 43 44418 89 . 21633) 55 | . 82214) 76 18 
43 | . 56952) 54 | . 75587 74 69286) 49 44329 99 | - 21658) 54 | - 82198) 17 17 
44 | . 56976) 54 | . 75513 73 . 69329) 43 |. 44239 99 |_-.21682| 55 | - 82181) 1¢ 16 
45 0. 57000) 54 |1. 75440 74 69372) 44 |1. 44149 gg |i. 21707) 54 J0. 82165) 17 15 
46 | . 57024 93 | - 75366 73 69416 43 44060 90 . 21731 25 |° 82148 16 14 
47 | . 57047 24 |- 75293 74 69459 43 43970 89 . 21756 95 | - 82132 17 13 
48 | . 57071) 54 | . 75219 73 69502) 43 43881 gg | - 21781) 54 | - 82115) 47 12 
49 | . 57095) 54 | . 75146 73 | - 69545) 49 | . 48792 89 - 21805) 55 | . 82098) 16 11 
50 J0. 57119) o4 |1. 75073 73 69588) 49 |1. 43703 gg |1. 21830) 95 10. 82082) 17 10 
51 | . 57143 24 | - 75000 73 69631 44S 43614 89 » 21855 24 |- 82065 17 9 
52 | . 57167) 54 | . 74927 73 69675) 43 43525 89 . 21879) 55 | . 82048) 16 8 
53 | . 57191) 54 | . 74854 73 69718) 49 43436 89 . 21904} 55 | . 82032) 47 7 
54 | . 57215) 59 | . 74781 73 | _- 69761) 49 | . 48347 89 . 21929] 54 |. 82015) 16 6 
55 0. 57238) 94 |1. 74708 73 69804] 49 |1. 43258 gg |i. 21953) 95 |0. 81999) 17 D 
56 | . 57262) 54 | . 74635 73 69847| 44 | . 43169 gg | - 21978) 55 | . 81982) 47 4 
57 | . 57286) 54 | . 74562 79 69891) 43 | . 43080 88 . 22003) 55 | . 81965) 16 3 
58 | . 57310 24 | - 74490 73 69934 43 |- 42992 89 . 22028 95 |° 81949 17 2 
59 | . 57334) 54 | . 74417 79 69977) 44 | . 42903 gg |_- 22053) 54 | . 819382) 17 1 
60 |0. 57358 1. 74345 70021 1, 42815 1. 22077 0. 81915 0 
» : F : 2 : : s 
124°> cos re sec ae cot Re tan oe csc Rit sin m5 5° 
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TABLE 31 
Natural Trigonometric Functions 
«144° 
Diff. 

O- P Diff Diff. Diff ec cos 5 l 
SP" sin fPHY exe | PHP | tan [PIR] cot | PH | ane [PH Dif. 
74345 0. 70021) 4 }1. 42815) go fl: 22077| 95 [0. 81915) 46 | 60 
1) San a2 Hees a Pete a ia 2B S| 

é . 74200 . 70107 88 | - 25 | ° 1865 57 
ita tes veries (2 La ncree 4a \baesnoker ce | 2einaluee Ter aruke Wes 
3 Sr 24 |‘ v4osel 72 | ° 70104 44 |. 42462) gg |. 22177) 52 | . 16 | > 
2 eae id 238| ,o |1. 42374 1. 22202| 5 |0. 81832| 17 
6 |. s7s01| 24 |< 73or1, 72 | topei| 43 | aooR6 By Le 2eaei hae. || sralobes pas 
See tel iececres ca |g foeeai as I eelOaiey gg |, 22202 oe | . 81782) 18 | 52 
Pe ese licences 7a |p posuep dia. 72 ke oe (22a0e\ee || Si z6ollee || Ba 

57572 43 [> 48 50 
state ae aed ra [Oto ae tied Fe zag ae tz ig 
11 | . 57619 Ber mead ae 43 | ° 41759 b22a07 . 81714] 16 
12 | . 57643| 54 | 73481] 74 | | 70542) 43 ae ey el eee ei ee 18 | 47 
EY eee tiaa | oRBAMB ise |. 7O08bi Gs | 41074 oe |. 22428) 2° | | gi6si| 17 | 46 
14 | . 57691 733 7 : 44 |— . 81664 45 
15 0. 57715 a L 78207) boo 0. T0673] 44 |. 41497 88 1. 22453 25 | Spar) 17 i 
16, |). 738le4. | 781000). 44 43 | ° 22503 81631 

- 70760 41322 25 17 
we (Hise at] Tang ft foto hy gas SF |e | go | 

24 | ° . 70848 411 25. |: 
a0 fo-szasa| 2° fires) 7 |orrosoi) “8 [aioe] ® |r saz 35 (0. 81580| 1 | 40 
Ge se tepeagtts FL Le socee 4a |. 40974, 82 |". 22604 28 see at ae 
21 | . 57857) 54 | - a1 ts ; 7 . 22629 ; 6 

. 70979 . 4088 26 1 
23 ae 1h othe 10 deta aae oa . 40714 o> |. 22680) 56 |. 17 | 38 
oF ees) 24 | i \o.71110| 44 |i. 40627 1. 22706) 55 |0. 81496] 7 | 35 
BPE on FEE oP aa Yay EH ae PB | 
26) 2b Om 93] - 71 : ; . 22756 . 7 

. 71198 . 40454 26 1 
28 | | 58023 24 | ° 72346 th Ta . - 40367 ef 22782] 95 | . 81445 7 32 

24 | ° 71285 ne ; 26 |— 
72275 86 

= heer a, 1 — i 0. 71329 i Ti aes I foe ese: a 29 

5 24): . 713738 ; 87 |- 26 | ° 31378 28 

31 | - 98094 94]. 72135, 7g | -7 44 3 "20884 , 81378] 54 
1417 40022) 36 25 i 27 
33 | ssi4i| 23] 719081 72 | “sraei 44 |< goose Te a i 
6 
33 | . 58141 24 . 71995 70 ; 44 0 86 " 99935 81344 17 2 
1505 . 3985 86 25 
34 | . 58165) 54 | . 71925) 79 |. 44 1. 22960 , 81327 25 
35 |0. 58189 23 1. 71855 70 vee 44 9 "999086 ileal 17 
1593 . 8967 86 26 & De 
hee bee 0 dee 44 3 93012 81293] 12 
71637 3959 25 
38 | 38200] 24 | | 71046 oe TieBilegs - 39907 a4 - 23087] 9¢ | - $1276 17 x 

: 2a) © 71725 . 39 85 : 26 |— 
ee eee, | TB. 79 | 5 1. 23089] 5. (0. 81242) 5. | 20 
41 | 83390] 23 | frase) 6 |? tras] 44 | 3oasp] 86 gaia) 28 |. siz2a| {7 | 19 

71857 3916 26 
fg agies a5] tia Go | rig 431: uora) $2 | atg 3h) guiet | 7 

23 | © 71929 71946 . 389 85 | 25 | - 
oe eee) 24 | °° Io. 71990| 44 |i. 38909 2m [eee eh i tase errata 
PSR ae Fag) oe PE ae FSR 8B ae Su 2 | 
46 | . 58449) 52]. 69 |" 72078 38738 26.13 17 | 49 
48 | 38496, 24] 70953, 62 |: 42122) 44] © 38083, 89 |: 23295 28 | 7 

i 
ce ee cede me eee etna 
49 | .5 24 |: 69 0. 72211 1. 38484 85 1. 23347 26 . 81 5 ite 9 
Bec Lee nro ae cao a | eaeecoln® ee eas ae Orel me 
51 | . 58567) 93 | . 69 | * 799909 . 38314 2 26 | 7) 7 
33 | s8o14| 24 | © 70009 Pe "T2344 z 278) 84 33450) 26 | © $1904 i |e 

23 | 70540 _72388| 44 | | 381 85 |: 26 | - 

54 | . 58637) 94 |. 705 88 lo. 72432| 4° |i. 38060 a4 |: 23476) o¢ een 17 4 
56 |. 8084] 28 |" to40a| 82 |. Foar7 44 | - 87976] 33 33529] 27 | soosa| 17 | 3 
56 | . 58684] 55 | - 68 | ° 7O5901 37891 Bee 17] 9 
57 | . 58708| 55 | . 70335] ge |. 441 "37807, 84 | | 23555 . 80936] 17 

. 72565 3 85 581| 26 | | go919 1 
58 | . 58731 . 70267) gg 45 7729, . 23581 C7, 

59 | 58755) 34 | 70198| 88 re Fe er i Ferra oo Beans cs 0 

+ Di We | et Mie oe me tan i esc fy, | sin’ | 17254 
125° ©°s 1’ Ss 1 
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TABLE 31 
Natural Trigonometric Functions 
36°? pier. Dis, |e Die) We) Dia. Miata Ae 
L sin 1’ csc 1’ an 1’ co 1! Ss 1’ Diff. Ly 
17 
0 |o. 58779 1. 70130 0. 72654 1. 37638 1, 23607 0. 80902 
1 | . 58802 5 70062 us 72699 tA 37554 a " 93633 = " 80885 He 
2 | | 58826| 25 | 69004, 88 |. 72743] fe | .37470| 84 | . 23659] 5° | . $0867] 1 
3 | . 58849) 53 |: 69926, 88 | 72788] 4? | 37386 81 | . 23685] 32 | . sosso| 57 
4 | . 53873) 35 | 69858, 88 | . 72832) Ze | ..37302)°° 84 | . 23711] Se | . 80883! 4 
5 |0. 58896 1. 69790 0. 72877 1. 37218 1, 23738 0. 80816 
24 67 44 84 26 17 
6 | . 58020| 53 | 69723] 8% | za021| 45 | 37134] 8 | | 23764] 32] . 80799) 44 
7 |. 58043| 27 | 69655, 68 | | 72066) 4° | 37050] 83 | | 23790] 3° |  so782| 17 
8 | . 58067| 33 | 69587; 88 | ' 73010) 45 | .3606e7| 82 | 23816] 5° |. 80765] 17 
9 | . 58990] 24 | 69520 8” | | 732055) 42 | .36883| 83 | | 23843) 54 | . 80748) 14 
10 0. 59014] 54 |1. 69452| ¢- |0.73100| ,, |1. 36800 1. 23869 0. 80730| ,- 


11 | . 59037] $4 | 60385] 87 | 73144 36716, 84 | | 23895] 26 |. 80713 


12 | . 59061] 23 | 69318, 8% | | 73180] 42 | | 36633 i 93992 st 80696 ue 
13 |. 50084| 24 | 60250] 68 | | 73234] 45 |. 36549| 84 | | 23048] 2 | : sez] If 
14 | 59108] 34 | | 60183] 67 |: 73278] 42 | 36466] 83 | | 23975] 27 | | so6ea| 1/ 
15 |0. 59131] 55 |1.69116| g, 0. 73323| ,. |i. 36383| |i. 24001) 5, |0. 80644 | 
16 | . 59154 69049 "73368 " 36300 24028 "80627 


17 | | 59178] 33 |. 68982 a "73413| 45 | | 36217/ 83 | - 24054! 26 | | so610| 12 


18 | 59201 37 | 68015] 8% | | 73457| 4% | : 36134 a "24081 a 30593 i 
19 | . 50225) 23 | 684g, 6% | | 73502] 42 | .36051| 83 | | 24107| 28 | | g0576| 1% 
20 |0. 59248) 5, 1. 68782) 47 |0. 73547| 42 |1. 35968, 9, |. 24134| 5, |0. 80558| 17 
ai |).159272| 2° || eszipiee OF te 7asonit> | asses 6S | 2ateol-e” | aaosad ay 
22) ||.69205),08 || esoasir= 62 | 7zea7| 40h. aszoaiur 82 | aayeg| 27 |) ssosga) a 
23 ||. s0318).59 |) esse) 83 | 73681] 95. 35719| | 82 |. 24213) 20  gnso7| de 
24 | . 59342) 53 | 68515 8% | | 73726) 43 | | 35637| 82 | ° 24240| 27 | ° soago| 1S 
25 |0. 59365| 5, |1. 68449) 47 |0. 73771| 4 |i. 355541 |. 24267| 96 |0. 80472] 1, 
26 | . 59389| 33 | 63382) 67 | 73ai6| 42 | | 35472| 82 || 24203) 26 | ° goss] If 
27 | | 59412| 33 | 68316, 66 | : 73861] 43 |: 35380| 83 | : 24320] 27 | | soaaal 17 
28 | . 59436) 53 | .68250| 65 | ‘ 73906) 4? | :35307| 82 | : 24347| 27 | ° soazo| 8 
29 | . 50450| 23 |‘ 68183) 67 | ° 73051| 42 | 135224, 88 | | 24373] 26 | ° sos03| 1? 
30 |0. 59482| 5, |1 68117/ g, |0. 73996| 4» |i. 35142) 5, |i. 24400| 5, |0. 80386| 5. 
31 | | 59506 68051 74041 "35060 24427 " g0368| 18 


32 | . 59529] 33 | 67985, 68 | ° 7406] 42 |. 34978 82 | | 24454 a , 80351) 14 
33 | 59552) 23 | ‘¢7o19|. 88 | | 74131 34806) 82 |‘ 244si] 27 | | 0334 
34 |. 50576| 24 | |67853; 88 | | 74176| 43 | ° 34814 "24508 . 80316) 13 
35 |0. 59599| 55 |1. 67788) 4, |0. 74221| 4@ |1. 34732) gy |. 24534) on (0. 80299| 
36 | . 59622| 23 | 67722) 88 | | 74267] 48 |: 3450; 82 | 24561] 2” |. sozga| tf 
37 | . 59646) 34 | ° 67656 74312 "34568 " 24588 "90264 


38 | 59669] 3% | 67591 A . 74357| fe | .34487| 85 |. 24815] Se | . 80247) 7 
39 | . 59693] 55 | .67525| OP | 74402] 42 | 34405) 82 | | 24642] 27 | | 80230) 16 
40 |0. 59716| 55 |. 67460] gq |0. 74447| 45 |1. 34823] 5, |I. 24660) 5. |. 80212| |, 
41 | . 59739 . 67394 G2 |. 74492) 72 | . 34242 24696 80195] 14 


42 | | 59763 om , 67329| 69 | 74538) 48 | . 34160 a 24793 a " g0178| 3 
43 | | 59786 67264, OP | | 74583 "34079 24750) 3/ | | 30160] 5 


44 |. 59809| 53 | \e7198) 66 | ‘ z4628| 43 | .33998| 81 | ° 24777] 27 | | so143| 1% 
45 10. 50832) 5, [1.67133] 4. {0. 74674] 4, |1. 33916] 5, | 1. 24804| 5. |0. 80125] j, 
46 | . 59856 67068 74719 33835 24832 - 80108 


47 | . 59879| 53 | -67003| 83 | \ 74764) 42 | :33754| 81 | | 24850] 27 | ° soogi| 12 
48 |. 59902] 33 | 66038) 85 | ‘ 74810] 46 | | 33673 24886) 27 | | 80073 


49 | . 59926| 53 | 66873, 62 | 74855] 42 | .33592| 8! | ° 24913] 27 | soose| 14 
50 0. 59949) 55 |i. 66809] g- |0. 74900) 44 |i. 33511 1. 24940| 57 |0. 80038) 5, 


"59972 66744 74946 334301 81 |" 94967 ‘ 80021 
59998] 33 |. 66679 a 74991) 45 | ° 33349 81 | . 24995 Be 30003 He 
. 60019| 53 | 66615] fs | .75037| 46 | 33268] 81 | ° a5029) 37 |. 79086) 12 
. 60042| 53 | 66550, 6? | .75082| 49 | | 33187| $1 | | 25049| 32 |. 79068 

0. 60065] 5, |1. 66486, ¢, |0. 75128 1,33107| 9, |1. 25077| 57 |0. 79951| 17 
. 60089| 53 | 66421) 68 | 75173| 45 | ° 33026, 8 |’ 25104] 3% |. 79084 12 
~GO1I2}55 | e657) Oe IP. Voatgc® | Basel” 80 cf ostaied | woot, 
. 60135] 53 | .66292| 69 | 75264] 47 | | 32865] 81 | 25150) 28 | | 79899] 14 
60158] 53 | ; 66228 "75310 " 32785 95186 "79881 


1.66164, 5 Io, 75355 32704, 81 |i 25214 0. 79864 


t : : é : ; : 
126° ©°s Di sec pe cot se tan De csc as sin Din, 


fea 
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TABLE 31 


Natural Trigonometric Functions 


37 


L sin 


0. 60182 ‘ 4 |0- 75355 . 32704 . 25214 0. 79864 


0 

1 | . 60205 : . 75401 . 32624 . 25241 . 79846 
2 | . 60228 : . 75447 . 82544 . 25269 . 79829 
3 | . 60251 : . 75492 . 32464 . 25296 . (9811 
4 | . 60274 : . 75538 . 32384 . 253824 . 79793 
5 

6 

7 

8 


. 60298 : 0. 75584 . 1. 32304 . 25351 0. 79776 
. 60321 : . 75629 . 82224 . 25379 . 79758 
. 603844 : . 75675 . 82144 . 25406 . T9741 
. 60367 : . 75721 . 32064 . 25434) ¢ . 19723 
. 60390 : . 15767 . 31984 . 25462 . 79706 


10 j0. 60414) . 0. 75812 , 31904 ; . 25489 0. 79688 
. 60437 . 75858 . 31825 . 25517 . 79671 
. 60460} ¢ . 75904 . 31745 . 25545 . 79653 
. 60483 . 75950 . 31666 . 25572 . 79635 
. 60506 . 75996 . 31586 . 25600 . 79618 


0. 60529 0. 76042 1. 31507 ; . 25628 0. 79600 

. 60553 : . 76088 . 31427 . 25656 . 79583 

. 60576 : . 76134 . 81348 . 25683 . 79565 

. 60599 ; . 76180 . 81269 . 25711 . 79547 

. 60622 : . 76226 . 31190 . 25739 . 79530 

20 |0. 60645 . . 16272 . 31110 . 25767 0. 79512 
. 60668 . 64831 . 76318 . 31031 . 25795 . (9494 

. 60691 . 64768 . 76364 . 80952 . 25823 . T9477 

. 60714 . 64705 . 76410 . 30873 . 25851 . 79459 

. 60738 . 64643 . 76456 . 80795 . 25879 . 79441 


25 |0. 60761 1. 64580 . 76502 : 1. 30716 . 25907 0. 79424 
2 . 60784 . 64518 . 76548 . 30637 . 25935 . 79406 
. 60807 . 64455 . 76594 . 30558 . 25963 . 79388 
- 60830 . 64393 . 76640! 4. | . 30480 . 25991 ao ove 
. 60853 . 64330 . 76636 . 80401 . 26019 . 19353 


30 |0. 60876 1. 64268 . 76733 1. 30323 . 26047 0. 79335 
3 . 60899 . 64206 . 76779 . 80244 . 26075 . 79318 
. 60922 . 64144 . 76825 . 80166 . 26104 . 79300 
. 60945 . 64081 . 76871 . 30087 . 26132 . 19282 
. 60968 . 64019 . 76918 . 80009 . 26160 . 79264 


35 |0. 60991 1. 63957 0. 76964 1. 29931 . 26188 0. 79247 
36 | . 61015 . 63895 . 77010 . 29853 . 26216 . 79229 
37 | . 61038 . 63834 . 77057 . 29775 . 26245 . 79211 
38 | . 61061 . 63772 . 77103 . 29696 . 26273 . 79193 
39 | . 61084 . 63710 . T7149 . 29618 . 26301} 59 | - 79176 


40 |0. 61107 1. 63648 . 77196 7 1. 29541 1. 26330) . . 79158 
41 | . 61130 . 63587 . 17242 . 29463 . 26358 . 79140 
42 | . 61153 . 63525 . 77289 . 29385 . 26387 . 79122 
43 | . 61176 . 63464 . 77335 . 29307 . 26415) ¢ . 79105 
44] . 61199 . 63402 . 77382 . 29229 . 26443 . 79087 


45 }0. 61222 7 0. 77428 é 1. 29152 . 26472 . 79069 
. 61245 5 . 77475 . 29074 . 26500) < . 79051 
. 61268 ; . 77521 . 28997 . 26529 . 79033 
. 61291 5 . 77568 . 28919 . 26557 . 79016 
. 61314 : . 77615 . 28842 . 26586 . 78998 


2 . 77661 . 28764 1. 26615 0. 78980 
. 61360 . 77708 . 28687 . 26643 . 78962 
. 61383 . T7754 . 28610 . 26672) 56 | . (8944 
. 61406 . 77801 . 28533 . 26701) 50 | - 78926 
. 61429 . 77848 . 28456 5 . 78908 


posi nes 9 
55 |0. 61451 0.77895| 4. [i.28379, 4. |i: 0. 78891 
. 61474 77941 . 28302 a Pnisere 

. 61497 . 77988 . 28225 ; 5 || 78835 

. 61520 . 78035 . 28148 268: . 78837 

. 78082 . 28071 5 |. 78819 
0. 78129 27994 2690 0. 78801 


127° cos ; . ‘| tan 


hQ> 


226 


TABLE 31 


Natural Trigonometric Functions 


0. 61566 3 0. 78129 
. 61589 : . 78175 
. 61612 ; . 78222 
. 61635 : . 78269 
. 61658 : . 78316 


. 61681 ; 0. 78363 
. 61704 : . 78410 
. 61726 ; . 18457 
. 61749 : . 78504 
. 61772 ‘ . 78551 


0. 61795 0. 78598 
. 61818 : . 78645 
. 61841 , . 78692 
. 61864 , . 78739 
. 61887 5 . 78786 


. 61909 ; 0. 78834 
. 61932 ‘ . 78881 
. 61955) 59 | . . 78928 
. 61978 é . 18975 
. 62001 : . 79022 


20 10. 62024 5 0. 79070 
. 62046 : ( TA LING 
. 62069 : ( . 79164 
. 62092 : . 19212 
. 62115 ; . 19259 


. 62138 F . 79306 ; 
. 62160 ‘ . 79354 : . 27660 
. 62183 ‘ . 79401 : . 27689 
. 62206 ; ‘ . 79449 : . 27719 
. 62229 ; . 79496 ; . 27748 


30 |0. 62251 . 79544 : 1. 27778 
. 62274 . 60580 . 79591 : . 27807 
. 62297 . 60521 . 79639 , . 27837 
. 62320 . 60463 . 79686 : . 27867 
. 62342 . 60404 ¢ 19734 j . 27896 


35 10. 62365 1. 60346 0. 79781 4 1. 27926 
36 | . 62388 . 60287 ‘ . 79829 5 . 27956 
. 62411 . 60229 . (9877 : . 27985 
. 62433 . 60171 . 19924 : . 28015 
. 62456 . 60112 Os F . 28045 


1. 60054 . 80020 : . 28075 
. 62502 . 59996 . 80067 ‘ . 28105 
. 62524 . 59938 . 80115 : . 28134 
. 62547 . 59880 . 80163 : . 28164 
. 62570 . 59822 . 80211 2 . 28194 


. 62592 . 59764 . 80258 ; 1. 28224 
. 62615 . 59706 . 80306 : . 28254 
. 62638 . 59648 . 80354 : . 28284 
. 62660 . 59590 . 80402 : . 28314 
. 62683 : . 80450 : . 28344) ; 


50 10. 62706 E 0. 80498 : 1. 28374 
51 | . 62728) ¢ : . 80546 : . 28404 
52 | . 62751 ' . 80594 : . 28434 
53 | . 62774 F . 80642 d . 28464 
54 | . 62796 : . 80690 : . 28495 


55 |0. 62819 : . 80738 : : 1. 28525 
. 62842 : . 80786 : . 28555 
. 62864 : . 80834 : . 28585 
. 62887 ; . 80882 5 . 28615 
59 | . 62909 F . 80930 é . 28646 
60 j0. 62932 : j . 80978 : . 28676 


128°> cos ; : cot : : csc 


es 
SCP NWKHROONWOOO!H 


so 
ie) 
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TABLE 31 


Natural Trigonometric Functions 


0 10. 62932 23 1. 58902 57 0. 80978 49 |I- 23490 74 |!. 28676 39 |9 77715} 4g | 60 
1 | . 62955 22 | - 58845 57 . 81027 43 | - 23416 73 . 28706 3] 77696) 1g | 59 
2 | . 62977 93 | - 58788 57 . 81075 48 |° 23343 73 . 28737 30 . 77678 18 | 28 
3 | . 638000 22 | - 68731 57 . 81123 48 | ° 23270 74 . 28767 30 . 77660) 39 | 57 
4 | . 63022 93 |: 58674 57 . 81171 49 |: 23196 73 . 28797 31 | 77641) 1g | 56 
5 10. 63045 23 1. 58617 57 0. 81220 4g |I- 23123 73 | 1. 28828 39 |9 77623) 1 | 55 
6 | . 63068 99 | - 98560 57 . 81268 48 | ° 23050 73 . 28858 3] . 77605} 39 | 54 
7 | . 68090 23 | - 58503 56 . 81316 48 | ° 22977 73 . 28889 30 . 77586 1g | 33 
8 | . 631138 22 | - 58447 57 . 81364 49 | - 22904 73 . 28919 3] . 77568) 7g | 52 
9 | . 63135 93 |: 58390 . 81413] 46 | . 22831 : . 28950} * . 77550 51 


10 0. 63158 22 1. 58333 56 0. 81461 49 1. 22758 73 1. 28980 31 {9 
11 } . 63180 93 . 58277 56 . 81510 48 . 22685 73 . 29011 31 . 77513 i9 | 49 


12 | . 63203 92 | - 58221 57 . 81558 4g | - 22612 73 . 29042 320 77494) 3g | 48 
13 | . 63225 93 | - 58164 56 . 81606 4g | - 22539 79 . 29072 31 77476) 1g | 47 
14 | . 63248 93 |: 58108 57 . 81655 4g | 22467 73 . 29103 30 77458) jg |_46 
15 |0. 63271 99 |i. 98051 56 [9 81703 4g |i. 22394 73 1. 29183 3] 0. 77439) 1g | 45 
16 | . 63293 93 | - 57995 56 . 81752 4g | - 22321 72 . 29164 31 ]° 77421) 19 | 44 
17 | . 63316 22 . 57939 56 . 81800 49 | - 22249 . 29195) ; . 77402) 72 | 43 


18 | . 63338 93 | - 97883 


31 
. 81849 . 22176 . 29226) ; . 17384 42 
19 | . 63361 56 49 72 18 


. 81898 48 |_- 22104 . 29256 


92 |_- 56 73 31 
20 10. 63383] 5, |1.5777]| 5, |0. 81946) 4g |1.22031/ 7» |i. 29287 31 |0- 77347| ye | 40 
21 | . 63406 55 | .57715| 28 | 81995] 40 |: 21959) 42 |’ 20318] 3! |. 77329] 16 | 39 
22 | . 63428] 53 | .57659| 28 | .82044| 42 | / 21886, 43 | | 20349] : 77310| ig | 38 


= 31 re 
23 | | 63451 57603 32092 21814 "29380! 3! | | 77292 37 
24 | . 63473| 22 | 57547) 58 | gaia] 491 (o17492] 72 |‘ 20411| 3! | | 77273) 12 | 36 
poe 23 56 49 72 18 
25 10. 63496 1, 29442 


0. 82190 


1. 21670 


0.77255 35 
26 | . 63518] 52 | . 57436 aa 82238 45 | 21598, 73 | | 20473 1 |b277 238 ie 34 
27 | 63540] 52 |. 57380| 38 | \s2aa7| 45 | 21526 42 |‘ a0504}-3! | | z72isl 15 | 33 
28 | | 63563| 23 | | 57324 , 82336| 4q | 21454) 42 | 29535] 31 | 77199) 12 | 32 


y 55 31 7 
29 | . 63585 23 . 57269 56 . 82385 49 . 21382 79 . 29566 . 77181 19 31 


30 J0. 63608 gq |i. 97213 55 0. 82434 . 21310 7g ‘[1. 29597 
31 | . 638630 93 | - 07158 55 . 82483 4g | - 21238 72 . 29628 
32 | . 638653 92 | ° 57103 56 - 82531) 4g | . 21166 72 . 29659 31/°- 
33 | . 638675 . 57047 - 82580) gq | . 21094 7] . 29690) . 77107) jg | 27 


55 31 = 
34 | . 63698 292 . 56992 55 . 82629 49 . 21023 ZO ZIlll ees . 77088) 39 26 


35 |0. 63720 99 |i. 56937 56 19: 82678) go 1. 20951 7g {1.29752 39 |9- ; 
36 | . 63742 93 | - 56881 55 . 82727 49 | - 20879 . 29784 31° 77051) 7¢ 24 
37 | . 63765 92 | - 56826 - 82776) 4g | - 20808 72 . 29815 31 | - 77033/ 9 | 23 
38 | . 63787 93 | - 06771 55 . 82825 49 | - 20736 71 . 29846 3] . 77014} yQ | 22 
39 | . 63810 22 . 56716 55 . 82874 49 |— 20665 72 5 Aes 7 . 76996} j9 |_21 


40 }0. 63832 99 |1. 56661 55 {0 82923) 4g |[1. 20593 1. 29909 3] 
41 | . 63854 : . 82972) 59 | . 20522 71 . 29940 

42 | . 63877 99 | 96551 54 . 83022) 4g | . 20451 72 SAG 39 : 
43 | . 63899 23 | - 56497 . 88071) go | - 20379 . 80003 . 76921) 3g | 17 


(ej 


44 | . 63922 56442) 22 | | 83120 20308} 41 | | 30034] 3} | - 76903) 55 |_16 
45 |0. 63944] 55 |I. 56387| 5 |0. 83169] 4 |1.20237| -, |i. 30066| 3, au |e 


46 | . 63966 93 | - 54 . 83218 50 | « 20166 71 . 30097 39 | - 
47 | . 63989 22 . 56278 . 83268) 4o | - 20095 . 30129 31 1° 16847) 19 13 
48 | . 64011 : 54 - 83317) go | - 20024 . 30160 39 - 76828) 3 12 
49 | . 64033 93 |_ 56169 - 83366) 4g |_- 19953 71 . 80192) - - 76810) jg | 11 


50 0. 64056 1. 56114 0. 83415 7, 19882 1. 30223| °. {0. 76791 

51 | . 64078) 33 | | 56060 os | . 83465 Ey | Lost ete [30266 saat i? 
52 | _ 64100 56005] 29 | 83514) 35 | . 19740 - 30287| 32 |. 76754) 15 
53 | . 64123] $3 | .55951| 24 | . 83564] 3 | .19669| 7) | . 30318) 35 | . 76735] 73 


54 | . 64145 99 |_- 55897 54 . 83613) 4g |_- 19599 7] : oe 39 76717) 49 
55 |0. 64167 93 |!- 55843 54 0: 83662 50 |I- 19528 71 {I 30382 31 0. 76698} jo 
56 | . 64190 99 | - 59789 55 . 83712) 4g | - 19457 70 . 30413 39 - 76679) 39 
57 | . 64212 99 | - 59734 5A - 83761) 59 | - 19387 71 . 30445) « . 76661) 49 


5 32 
58 | . 64234 22 | - 99680 5A . 83811) 4g | - 19316 70 - 80477) 95 . 76642) 19 


ee 
S2 Ornmwan Rees 


59 | . 64256 " 55626 "83860 19246 30509) 32 | - 76623] 14 
60 |0. 64279| 23 [1 55572/ 54 Jo. 839101 ©° |1\ 19175] 7_«‘{1, 30541| 22 lo 76604) } 
129° cos pit sec eee cot Pie tan Die csc i sin ue 
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TABLE 31 


Natural Trigonometric Functions 


cot 


= 
» iia — 
fo] 
v 


=) 


. 64279 . 55572 . 83910 . 19175 . 80541 . 76604 
. 64301) ; . 5518 . 83960 . 19105 . 80573 . 16586 
. 64323 . 55465 . 84009) -, | . 19035 . . 30605 . 76567 
. 64346 . 55411 . 84059 . 18964 . 80636 . 76548 
. 64368 . 55357 . 84108 . 18894 . 30668 . 76530 


0. 64390 . 55303 0. 84158 . 18824 . 80700) a5 JO. 76511 
. 64412 . 55250 . 84208 . 18754 . 80732 . 76492 
. 64435 . 55196 . 84258 . 18684 . 80764 . 16473 
. 64457 . 95143 . 84307 . 18614 . 80796 . 76455 
. 64479 . 55089 . 84357 . 18544 . 80829 . 76436 


. 64501 . 55036 . 84407 . 18474 ~ . 80861 . 76417 
. 64524 . 54982 . 84457 . 18404 . 80893 . 76398 
. 64546 . 54929 . 84507 . 18334 . 80925 . 76380 
. 64568 . 54876 } . 84556 . 18264 . 80957 . 76361 
. 64590 . 54822 . 84606 . 18194 . 80989 . 76342 


. 64612 . 54769 . 84656 . 18125 . 81022 . 76323 
. 64635 . 54716 : . 84706 . 18055 . 31054 . 76304 
. 64657 . 54663 . 84756 . 17986 - . 31086 . 76286 
. 64679 . 54610 . 84806 . 17916 . 81119) 55 | . 76267 
. 64701 . 04557 . 84856 . 17846 . 31151 . 76248 


. 64723 1, 54504 . 84906 lence 1. 31183 . 76229 
. 64746 . 04461 . 84956 . 17708 . 31216) ; . 76210 
. 64768 . 54398 . 85006 . 17638 . 31248 . 76192 
. 64790 . 54345 . 85057) | . 17569 . 31281 . 76173 
. 64812 . 54292 . 85107 . 17500 ( . 31313 . 76154 


eeaseleeees 


. 64834 . 54240 . 85157 . 17430 1. 31346 . 76135 
. 64856 . 54187 . 85207 . 17361 . 31378 . 76116 
. 64878) 5 . 54134 . 85257 . 17292 c . 31411 . 16097 
. 64901 . 54082 . 85308 . 17223 . 31443 . 76078 
. 64923 . 54029 : . 85358 . 17154 . 31476 . 76059 


. 64945 1. 53977 0. 85408 1. 17085 1. 31509 . 76041 
. 64967 . 538924 . 85458 . 17016} . 31541 . 76022 
. 64989 . 53872 . 85509 . 16947 c . 31574 . 76003 
. 65011 . 53820 . 85559 . 16878 . 31607 . 75984 
. 65033 . 53768 2 . 85609 . 16809 . 31640) © . 75965 


. 65055 . 03715 . 85660 . 16741 . 31672 0. 75946 
. 65077 . 53663 . 85710 . 16672 C . 31705 . 15927 
. 65100 . 538611 . 85761 . 16603 ‘ . 31738 . 75908 
. 65122 . 53559 . 85811 . 16535 . 31771 . 75889 
. 65144 . 538507 ; . 85862 . 16466 . 81804 . 75870 


40 }0. 65166 . 53455 0. 85912 . 16398 . 31837 . 79851 
. 65188 . 53403 ; . 85963 . 16329 ‘ . 31870 . 75832 
. 65210 . 53351 . 86014) | . 16261 . 81903 . 75813 
. 65232 . 53299 ‘ . 86064 . 16192 ‘ . 31936 . 15794 
. 65254 . 538247 . 86115 . 16124 . 31969 . 15775 


. 65276 . 53196 . 86166 . 16056 . 82002 . 75756 
. 65298 . 53144 ; . 86216 . 15987 , . 82035 . 75738 
. 65320 . 53092 i . 86267 . 15919 . 32068 . 75719 
. 65342 . 53041 . 86318 . 15851 . 32101 . 75700 
. 65364 . 52989 . 86368 . 15783 . 2134 . 75680 


. 65386 1. 52938 0. 86419 1. 15715 . 32168 . 75661 
. 65408 . 52886 . 86470 . 15647 . 32201 . 75642 
. 65430 . 2835 . 86521 . 15579 . 82234 . 15623 
. 65452 . 52784 . 86572 . 15511 . 32267 . 75604 
. 65474 . 52732 . 86623 . 15443 . 82301 . 75585 


bee Dicped | Seah ee es PAS fe Se ecto 

55 }0. 65496 1. 52681 . 86674 1. 15375 1. 32334 0. 75566 
. 65518 . 52630 . 86725 . 15308 =32368\ 055 | coo. 
. 65540 . 52579 . 86776 . 15240 . 32401 . 75528 
. 65562 . 62527 . 86827 . 15172 . 82434! 3) | . 75509 
. 65584 . 52476 . 86878 . 15104 . 32468 . 75490 

60 j0. 65606 . 52425 ; . 86929 . 15037 . 82501 . (0471 


130°> ©°s ‘| sec : 1 tan ; esc ‘| sin 
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TABLE 31 
Natural Trigonometric Functions 
41° ; : : : é <138° 
L sin ae ese weet tan ce cot re sec ae cos | Dig 38 


0. 65606 gq |1. 52425 51  |9 86929 51 |) 15037 gg |t- 82501 34 10: 75471 


60 
. 65628] 55 | . 52374; | . 86980) 2) | . 14969] 88 | | 32535) 34 | | 75452 is 59 
 65650| 55 | . 52323) 24 | . 87031] 21 |. 14902] 8? | ° 32568] 33 | | 75433) 18 | 58 
. 65672| 55 | . 52273, Py | . 87082) 31 |. 14834) 88 | * 32602] 34 | | 75414| 19 | 57 
. 65694] 95 | 52222) 2) | . 87133] 2) | .14767| 8? | | 32636) 34 | | 75395) 19 | 56 


85788) 5, [-vo2120) 9) 6) |: 87236 oa " 14632 ae 32703) 34 | . 75356 i 54 
. 65759| 55 | . 52069, 25 | . 87287] 21 | . 14565] 8% | ° 32737] 32 | | 75337) 18 | 53 
 65781| 55 | 52019, 2Y | . 8733s] 21 |. 14498] 82 | | 32770] 33 | | 75318) 18 | 52 
. 65803| 25 | 51968) 35 |. 87380] 24 |. 14430 "32804 75299 51 
10 |0. 65825] 55 |1. 51918, 2) |0. 87441] 5; |1. 14363, |i. 32838) 5, Jo. 75280 
11 | . 65847] 55 | .51867| 25 | . 87402] 21 |. 14296, 6% |". 32872| 34 | 75261) 29 
12 | | 65869| 22 | \51817| 2° | | 87543 "14229 32905 75241 48 


0 

1 

2 

3 

4 _. 52222 1 | 87183 14167 

ee 0. 65716 92 |I. 52171 51 |? 87184 1. 14699 1. 32669 34 |9. 75375 
7 

8 

g) 


13 |. 65891) 52 | .51766| 3) | . 87595 oF "14162 pe " 32939 a "75222 i 47 
14 | . 65913] 55 | 51716 29 | . 87646| 25 |. 14095, 6% | : 32073) 34 | | 75203) 12 | 46 


15 0. 65935) 51 1. 51665 59 0. 87698) 5, |1. 14028, g7 =| 1. 83007] 54 |0. 75184) 19 | 45 
16 | . 65956 55 | . 51615) 5 | . 87749] 55 | . 13961] gr | . 33041) 94 | . 75165] 39 | 44 
17 | . 65978) 55 | . 51565) Fy | . 87801| Fy | . 13894, gg | . 33075) 94 | . 75146 
18 | . 66000) 55 | . 51515) 59 | . 87852) Fo |. 18828} gr | . 33109) 94 | . 75126 tg 
19 | . 66022) 55 | . 51465) 59 | . 87904] £4 | . 13761 . 33143 . 75107 41 
20 |0. 66044) 55 1.51415) 5, (0. 87955) 55 |1. 13694) 4 | 1. 33177| 4, |0. 75088 
21 | . 66066) 55 | . 51364) 55 | . 88007] 55 | . 13627) ge | . 38211) 34 | - 75069] 39 
22 | . 66088) 57 | 51314) fo | . 88059 . 13561] 7 | . 33245] 94 | . 75050| 99 | 38 
23 | . 66109) 55 | 51265] 59 | . 88110) 55 | . 13494) ge, | . 33279] 5. | . 75030) fg | 37 
24 | . 66131) 55 | 51215] 55 | . 88162) 75 | . 13428) 67 | . 33314) 5) | . 75011 36 
25 |0. 66153 99 |1. 51165] 59 |0. 88214] -) 11. 13361] gg |1. 33348] 9, 10. 74992| 19 | 35 
26 | . 66175) 55 | 51115] 55 | . 88265] 55 | . 13295] g7 | . 33382) 54 | . 74973) 99 | 34 


27 | . 66197| 55 | . 51065 50 . 88317 59 | - 13228 66 . 33416) 35 |. 74953) 19 33 
28 | . 66218) 55 | . 51015 49 . 88369) 55 | . 13162 66 . 83451) 94 | . 74934) 19 32 
29 | . 66240 22 | - 50966 50 . 88421) =5 | . 13096 67 . 33485) 94 | . 74915) 19 31 


30 |0. 66262 99 |}. 50916 59 (|: 88473 51 {1- 13029 66 |1- 38519) 35 10. 74896) 96 30 
31 | . 66284) 55 | . 50866 49 . 88524) 55 | . 12963 66 . 33504) 94 | . 74876) 19 
- 66306) 5) | - 50817 50 . 88576 52 | - 12897 66 - 33588} 34 | - 74857] 19 28 
. 66327 99 | - 00767 49 . 88628) =5 | . 12831 66 . 33622) 3, |. 74838) 96 27 
- 66349) 55 | . 50718 49 - 88680) 55 | - 12765 66 . 33657] 94 | - 74818) 9 |_26 
0. 66371 99 |1. 50669 590 (|: 88732) -5 |1. 12699 66 {1 33691) 3. 10. 74799) 19 25 
. 66393) 5) | . 50619 49 . 88784) 55 | . 126338 66 . 33726) 94 | - 74780) 99 
. 66414) 55 | . 50570 49 . 88836) 55 | - 12567 66 . 33760) 35 | . 74760 23 
. 66436) 55 | . 50521 50 . 88888) 55 | . 12501 66 . 33795) 95 | . 74741) 19 
. 66458 92 | - 50471 49 . 88940 . 12435 66 . 338830 . T4722 21 


40 |0. 66480} 5, 1. 50422 49 0. 88992 5g |! 12369| —g¢ 1. 33864 0. 74703 
41 | . 66501) 55 | . 50373] 4g | . 89045) 25 | . 12303) gs | . 33899) 3. | . 74683 


19 
42 | | 66523 50324 " $9097 "12238 33934 "74664 18 
43 | | 66545| 3? | | 50275 te | . 89149 oe | 12172, 82 |. 33068 ge 74644) 20 | 17 
44 | 66566) 2) | 50226, 48 | 89201] 22 |: 12106, 88 | | 34003] 32 | - 74625] 19 | 16 
45 |0. 66588) 55 |1.50177/ 49 0. 89253| ~, |. 12041| g4 |1. 34038| 3, |0. 74606| 94 | 15 
46 | . 66610) 22 | - 50128, 49 | . 89306] 23]. 11975, 88 |. 34073| 32 | . 74586 14 


47 | . 66632| $7 | 50079, 49 | . 89358) 25 |. 11909] ge | . 34108] 37 | . 74567 e 13 
48 | | 66653| 35 | . 50030, 49 | .80410| 25 |. 11844) 9? |. 34142) $2 | . 74548) 55 | 12 
49 | . 66675) 35 | . 49981] 42 | . 89463] 25 | . 11778 "34177 "74528 11 


(its) | ais), | ee il) | 
50 }0. 66697) 5, |1. 49933) 49 ]0. 89515) 55 [1. 117138; gs 1. 84212) 9, 10. 74509] 99 | 10 
51 | . 66718) 59 | . 49884) go | . 89567) =3 | . 11648) gg | . 34247) 35 | 74489) jg | 9 
52 | . 66740| 55 | . 49835) yg] ~. 89620) 55 | . 11582) G5 | . 34282) 35 | 74470! yo | 8 
53 | . 66762) 5) | . 49787, 4g | . 89672) 53 |. 11517) gs | . 34317) 35 | 74451] o9 | 7 
54 | . 66783) 559 | . 49738) 4g | . 89725) 55 | . 11452) gs |. 34852) 35 | 74431] y9 |_ 6 
55 |0. 66805) 59 |1. 49690) 49 10. 89777) 52 Jl. 113887/ gg IL. 34387/ 9¢ |0. 74412) o9 | 5 
56 | . 66827 21|° 49641 48 . 89830 53 | - 11321 65 . 84423 35 | - 74392 19 4 
57 | . 66848| 55 | . 49593, 4g | . 89883) -> | . 11256) g5 | . 34458) 35 | 74373) 59 | 3 
58 | . 66870) 5) | . 49544, 4g | . 89935) -3 |. 11191; g |. 34493) 37 | . 74353) jg | 2 
59 | . 66891 22 |.- 49496 48 . 89988 52 |. 11126 65 . 34528 35 | 74334 20 1 
- 0. 66913 1, 49448 0. 90040 1. 11061 1. 34563 40. 74314 0 
é : : ; : . t 

131°> cos ue sec ey cot Di tan Bee csc Bee sin DITARS 
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TABLE 31 


Natural Trigonometric Functions 


tan 


. 66913 . 49448 . 90040 : . 34563 
. 66935 . 49399 ; . 90093 : . 84599 
. 66956 . 49351 . 90146 : . 34634 
. 66978 . 49303 + 90199 : . 34669 
. 66999 . 49255 . 90251 j . 84704 


. 67021 . 49207 . 90304 : . 34740 
. 67043 . 49159 . 90357 : . 84775 
. 67064 . 49111 . 90410 : . 84811 
. 67086 . 49063 . 90463 ‘ . 34846 
. 67107 . 49015 . 90516 p . 84882 


. 67129 . 48967 . 90569 . 10: : 1. 34917 
. 67151 . 48919 . 90621 : : . 84953 
. 67172 . 48871 . 90674 ¢ . 34988 
. 67194 . 48824 . 90727 : . 35024 
. 67215 . 48776 . 90781 : . 835060 


. 67237 . 48728 . 90834 : . 35095 

. 67258 . 48681 . 90887] |; é . 85131 

. 67280 . 48633 . 90940 : . 35167 

. 67301 . 48586 . 90993 |. . 85203 

. 67323 . 48538 . 91046 ; . 35238 

20 |0. 67344 . 48491 0. 91099 : 1, 35274 
21 | . 67366 . 48443 . 91153 A . 80310 
. 67387 . 48396 . 91206 . . 35346 

. 67409 . 48349 . 91259 , . 35382 

. 67430 . 48301 . 91313 . O§ . 85418 


25 |0. 67452) 4, |1. 48254 . 91366 . OS 4, |l. 35454 
. 67473) 55 | . 48207 OL ANO ere I LOS . 35490 
. 67495 . 48160 . 91473 108 . 35526 
. 67516 . 48113 . 91526 LOS . 35562 
. 67538 . 48066 . 91580 , . 85598 


. 67559 . 48019 . 91633 ; 1. 35634 
. 67580 . 47972 . 91687 : . 35670 
. 67602 . 47925 . 91740 , . 385707 
. 67623 . 47878 . 91794 : . 85743 
. 67645 . 47831 . 91847 F . 85779 


. 67666 . 47784 FOL OM ere aati ; . 35815 
. 67688) ¢ . 47738 . 91955 : . 35852 
. 67709 . 47691 . 92008 ‘ . 35888 
. 67730) 55 | . 47644 . 92062 : . 35924 
. 67752 . 47598 . 92116 : . 35961 
. 67773 . 47551 0. 92170 : 1. 35997 
. 67795 . 47504 . 92224 : . 86034 
. 67816} < . 47458 . 92277 : . 36070 
. 67837 . 47411 . 92331 : . 86107 
. 67859] 57 | . 47365 . 92385 : . 36143 


. 67880] 5, |1. 47319 . 92439 . 36180 
. 67901| 5, | . 47272 . 92493 . 36217 
- 67923 . 47226 92547) 24 |. . 36253 
. 67944] 5, | . 47180] 4° | 92601] 54 | | . 36290 
. 67965! 5, | . 47134 . 92655] 24 | . 07! _ 36327 


. 67987 . 47087 . 92709 : . 36363 
. 68008} ¢ . 47041 > 92763) 2a |. : . 836400 
. 68029) 55 | . 46995 . 92817 : . 86437 
. 68051) ¢ . 46949 . 92872 é . 36474 
. 68072} ; . 46903 2 92926); : . 86511 


. 68093} 55 |1. 46857 . 92980 : . 36548 
2OS LS, . 46811 . 93034 : . 86585 
. 68136] ; . 46765 . 93088 ; . 36622 
. 68157) ¢ . 46719 seule en || a . 86659 
. 68179 . 46674 Ag | - 938197 : ‘ . 36696 
0. 68200 . 46628 . 93252 : . 36733 


nN ; : : ; 
132° £08 | see ; cot i ; csc 
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TABLE 31 


Natural Trigonometric Functions 


ASCP. 


v sid ‘| cot 


. 68200 d . 93252 . 07237 . 86733 
. 68221 : . 93306) 5 | . 07174 : . 36770 
. 68242 : . 93360 . 07112 7 . 36807] * 
. 68264 : . 93415 . 07049 ? . 36844 

. 68285 ; . 93469 . 06987 ‘ . 36881 
. 68306 ; . 93524 . 06925 . 86919 
. 68327 P . 93578 . 06862 . 36956 
. 68349 : . 93633 . 06800 . 36993 
. 68370 : . 93688 . 06738 . 37030} : 
. 68391 : . 93742 . 06676 . 0/068 


. 68412 . . 93797 . 06613 . 87105 
. 68434 : . 93852 . 06551 . 37143); 
. 68455 , ; . 93906 . 06489 . 37180 
. 68476 : . 93961 . 06427 . 37218} « 
. 68497 3 . 94016 . 06365 . 37255 


. 68518 : . 94071 . 06303 . 37293 
. 68539 : . 94125 . 06241 . 37330 
. 68561 : . 94180 . 06179 . 37368 
. 68582 , . 94235 . 06117 . 37406 
. 68603 : . 94290 . 06056 . 37443 


. 68624 : . 94345 . 05994 . 37481 
. 68645 . . 94400 . 05932 . 37519 
. 68666 : . 94455 . 05870 . 37556 
. 68688 ; . 94510 . 05809 . 37594 
. 68709 : . 94565 . 05747 . 37632 


. 68730 , . 94620 . 05685 . 37670 
. 68751 d . 94676 . 05624 . 37708 
. 68772 : . 94731 . 05562 . 37746 
. 68793 : . 94786 . 05501 . 37784 
. 68814 : . 94841 . 05439 . 37822 


. 68835 ; . 94896) -, 1. 05378 . 37860 
. 68857 : . 94952 . 05317 . 37898 
. 68878 : . 95007 . 05255 . 37936) : 
. 68899 F . 95062 . 05194 . 37974 
. 68920 : . 95118 . 05133 . 38012) . 


. 68941 : . 95173 . 05072 
. 68962 ; . 95229 . 05010 
. 68983 : . 95284 . 04949 
. 69004 : . 95340 . 04888 
. 69025 : . 95395 . 04827 


. 69046 ; . 95451 . 04766 
. 69067 : . 95506} Ee | . 04705 
. 69088 : . 95562 . 04644 
. 69109 : . 95618 . 04583 
. 69130 ; . 95673 . 04522 


. 69151 : . 95729 . 04461 
. 69172 : . 95785 . 04401 
. 69193 ’ . 95841 . 04340 
. 69214 : . 95897 . 04279 
. 69235 : . 95952) -, | . 04218 


. 69256 i . 96008 . 04158 
7692 . . 96064 . 04097 
. 69298 : . 96120 . 04036 
. 69319 : . 96176 . 03976 
. 69340 : . 96232 . 03915 


. 69361 ; . 96288) ~- {1.03855 
. 69382 : . 96344 . 03794 
. 69403 z . 96400 . 03734 
. 69424 : . 96457 . 03674 
59 | . 69445 , . 96513 . 03613 
60 |0. 69466 : . 96569 . 03553 


nN sie : : 
133° cos : : cot ‘| tan 


~ 


CONDO PWNHH OS 


E 


— 
O~I0Oo © 


sebane 
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TABLE 31 


Natural Trigonometric Functions 


cot 


. 43956 0. 96569 . 03553 . 39016 
. 43912 . 96625 . 03493 . 39055 
. 43869 . 96681 . 03433 . 89095 
. 43826 . 96738 . 03372 . 89134 
. 43783 . 96794 . 03312 . 39173 


1. 43739 0. 96850 1. 03252 . 39212 
. 43696 . 96907 . 03192 . 39251 
. 43653 . 96963 . 03132 . 39291 
. 43610 . 97020 . 03072 . 39330 
. 43567 . 97076 . 03012 . 39369 


. 43524 0. 97133 : 1. 02952 1. 39409 
. 43481 . 97189 . 02892 . 39448 
. 43438 . 97246 . 02832 . 39487 
. 43395 . 97302 . 02772 . 39527 
. 43352 . 97359 . 02713 . 89566 


. 43310 0. 97416 1. 02653 1. 39606 
. 43267 . 97472 . 02593 . 39646 
. 43224 . 97529 . 02533 . 39685 
. 43181 . 97586 . 02474 . 89725 
. 43139 . 97643 . 02414 . 39764 


1. 43096 0. 97700 1. 02355 1. 39804 
. 43053 . 97756 . 02295 . 39844 
. 43011 . 97813 . 02236 . 39884 
. 42968 . 97870 . 02176 . 39924 
. 42926 5 DSYET . 02117 . 39963 


. 42883 0. 97984 i 1. 02057 1. 40003 
. 42841 . 98041 . 01998 . 40043 
. 42799 . 98098 . 01939 . 40083 
. 42756 . 98155 . 01879 . 40123 
. 42714 . 98213 . 01820 . 40163 


een 1 meatier’ aS senmieatid 
30 |0. 70091 1. 42672 0. 98270 ul 1. 01761 . 40203 
. 70112 . 42630 . 98327 . 01702 . 40243 
. 70132 . 42587 . 98384 . 01642 . 40283 
. 70153 . 42545 . 98441 . 01583 . 40324 
. 70174 . 42503 . 98499 . 01524 . 40364 


. 70195 . 42461 . 98556 . 01465 . 40404 
. 70215 . 42419 . 98613 . 01406 . 40444 
. 70236 . 42377 . 98671 . 01347 . 40485 
. 70257 . 42335 . 98728 . 01288 . 40525 
. 10277 . 42293 . 98786 . 01229 . 40565 


PN SS aie i) (| (ee aoe Bed wae 
40 |0. 70298 1. 42251 0. 98843 1. 01170 1. 40606 
. 70319 . 42209 . 98901 . 01112 . 40646 
. 70339 . 42168 . 98958 . 01053 . 40687 
. 70360 . 42126 . 99016 . 00994 . 40727 
. 70381 . 42084 : . 00935 . 40768 


0 ian 
. 70401 1. 42042 j 1. 00876 1. 40808 
. 70422 . 42001 ; . 00818 . 40849 
. 70443 . 41959 ; . 00759 . 40890 
. 70463 . 41918 : . 00701 . 40930 
. 70484 . 41876 : . 00642 . 40971 


i || ose oN oA 

. 70505 1. 41835 1. 00583 1. 41012 
. 70525 . 41793 ‘ . 00525 . 41053 
. 70546 . 41752 ’ . 00467 . 41093 
. 70567 . 41710 : ; . 00408 . 41134 
. 70587 1 . 41669 ; . 00350 . 41175 


1. 41627 ; 1. 00291 4 1. 41216 
. 70628 . 41586 : . 00233 . 41257 
. 70649 . 41545 : . 00175 . 41298 
. 70670 | . 41504 : . 00116 . 41339 
. 41463 : . 00058 . 41380 
1. 41421 : . 00000 . 41421 


fh : : ‘ : 
134°> cos j : ‘| tan . csc 


233 


TABLE 32 


Logarithms of Numbers 


1-250 


Log 4 Log : Log 


. 70757 
. 71600 
. 12428 
. 73239 
. 74036 


. 74819 
. 75587 
. 76343 
. 77085 
. 17815 


00432 
00860 
01284 
01703 
02119 


17898 
18184 
18469 
18752 
19033 


30320 
30535 
30750 
30963 
31175 


31387 
31597 
31806 
32015 
32222 


02531 
02938 
03342 
03743 
04139 


19312 
19590 
19866 
20140 
20412 


rosos|oss99 


. 78533 
. 79239 
. 79934 
. 80618 
. 81291 


04532 
04922 
05308 
05690 
06070 


20683 
20952 
21219 
21484 
21748 


32428 
32634 
32838 
33041 
33244 


— at et et pe 


06446 
06819 
07188 
07555 
07918 


. 81954 
. 82607 
. 83251 
. 83885 
. 84510 


22011 
22272 
22531 
22789 
23045 


33445 
33646 
33846 
34044 
34242 


foe fk fc ef 


08279 
08636 
08991 
09342 
09691 


. 85126 
. 85733 
. 86332 
. 86923 
. 87506 


23300 
23553 
23805 
24055 
24304 


34439 
34635 
34830 
35025 
35218 


NNNNN | PYNNN | NYNNNN |] NWNNN |] NYNNNW 


pases fm fc ih 1 


10037 
10380 
10721 
11059 
11394 


. 88081 
. 88649 
. 89209 
. 89763 
. 90309 


24551 
24797 
25042 
25285 
25527 


35411 
35603 
35798 
35984 
36173 


femdom, fe fomeh fos 


11727 
12057 
12385 
12710 
13033 


25768 
26007 
26245 
26482 
26717 


. 90849 
. 91381 
. 91908 
. 92428 
. 92942 


36361 
36549 
36736 
36922 
37107 


2 

2. 
2. 
2. 
2. 
2. 
2 

2 

2 

2. 
2 
2. 
2. 
7. 
2. 
2. 
2. 
2. 
2. 
2. 
2. 
2. 
2. 
2. 
2. 
2. 
2. 
2. 
2. 
2. 
2. 
2, 
2. 
2. 
2. 


Sse 


. 93450 
. 93952 
. 94448 
. 94939 
. 95424 


13354 
13672 
13988 
14301 
14613 


26951 
27184 
27416 
27646 
27875 


37291 
37475 
37658 
37840 
3802) 


fom peek feed faethe 


14922 
15229 
15534 
15836 
16137 


28103 
28330 
28556 
28780 
290038 


38202 
38382 
38561 
38739 
38917 


. 95904 
. 96379 
. 96848 
. 97313 
97712 


NNNNN| YNNNN | HYNNN] NNNWW 


ee beefed «fd, foe, 


16435 
16732 
17026 
17319 
17609 


29226 
29447 
29667 
29885 
30103 


39094 
39270 
39445 
39620 
. 39794 


. 98227 
. 98677 
. 99123 
. 99564 
. 00000 


NNYNNN | NYNYNNN| NYNNN | YVYNNYN| YNYNNN| YYNNYN| NYNYNYNN | YYNNN| YNYNNWN | NYNNW 


NNNNN| NYNNNN] PYNNNNW 


a 
NNONNN 


234 


TABLE 32 


Logarithms of Numbers 


1000-1500 


No.| O |dj/ 1 |d| 2 jd} 3 |d| 4 |d| 5 Jd} 6 j|dj| 7 |d| 8 Jd}. 9 {df} Prop. parts 


100 |00000/43}00043|44]00087 43]00130/|43]00173/44]00217 43}/00260|431}00303 |43|00346 43]00389/43 44/43 
101 }00432)43100475|43]00518/4310056 1 /43]00604/43]}00647 |42100689/43]00732/43]00775|4210081 7/43 allie 
102 00860 43}00903 |42}00945 |43100988 |42}0 1030/42}01072 43]01115)42)/01157/42/01199)43}01242/42 
103 }01284/|42}01326)42101368 |42101410/42]/01452/42101494 |42]01536/42]01578/42101620/42]01662/41 
104 |01703/42|01745)|42}01787/41]01828/42101870/421019 1 2/41/01953/42101995|41]02036|42]02078|41 


105 |02119/41]02160|42]}02202/41]02243|41102284 41102325 |41102366/41102407/|42}02449|41102490)41 
106 }02531/41]02572)40]02612/41102653)41]02694|41102735/411027 76/40/0281 6|41]02857|41]02898) 40 
107 |02938)|41]02979)|40}03019/41]03060)|40]03 100/41]03 1411/40/03 18 1 |41]03222)|40]03262|40]}03302!40 
108 |03342)/41103383)40]03423 | 40]03463)/40]03503|40]03543 |40]03583]40]03623|40]03663/40]03703)40 
109 |03743)39]03782)40]}03822)40]03862)40]03902/3910394 1 |40]0398 1|40]04.02 1 |39]04.060}40]04 100/39 


CHOISAARwWHOH! 
2¢ iw) 
iw) 
No 
No 


110 |04139}40]04 179/|39}042 18) 40]04258/39]04.297|39]04336/40104376|39]044 15/39]04.4.54/39]044.93]|39 
111 ]04532/39]0457 1|39]046 10|40}04650/39]04689]38]047 27 |39]04766|39]04805/39]04844|39104883)39 
112 }04922)39]0496 1 |38}04999|39}05088 3910507 7/|38105 1 15|39]05 154|38]05 1923910523 1 |38]}05269)39 
113 |05308)38}05346/39]05385|38]05423/38]0546 1|39105500/38]05538|38]05576/38]056 14|38]05652/38 
114 |05690)39}05729)38]05767|38]05805/38]05843/38]0588 1 |37]05918|38105956)338}05994|33]06032/38 


115 }06070)38]06 108)37}06 14.5|38]06 1833810622 1 |37106258/33]06 296 |37]06333/38|0637 1|37|06408)38 
116 |06446)/37}06483)38]065 2 1|37]06558/37106595)38|06633|37|06670|37|06707|37}06744/37|0678 1/38 
117 }06819)/37|06856)/37}06893)37}06930|37|06967|37]07004|37]0704 1|37]07078|37/07 115|36]07 15 1|37 
118 ]07188)37|07225|37107262|36}07298|37107335 [3710737 2|36107408/37|07445)37|0748 2|36]075 18}37 40139 

119 107555/36]07591)37}07628)|36]07664|36]07 700 37/07 737 |36|07 773/36|07809}37|07846|36|07882)36 —— 


CON HSHMRWNH| 
iw) 
— 
iS) 
i=) 


120 ]07918)36/07954/36107990]37|08027|36}08063/36]08099|36]08135/36]08 1 7 1/36}08207/36/08243|36 
121 |08279)35]083 14|36108350|36/08386/36]084 22/36]08458)35]08493 |36108529|36]08565/35108600)36 
122 |08636/36]08672/35108707|36}08743/35108778/36]088 14|35]08849|35108884|36]08920/35108955)|36 
123 |08991/35}09026/|35]0906 1 /35}09096/36]09 132/35]09 16 7135109202|35]0923 713510927 2|35|09307/35 
124 |09342/35]09377/35]094 12|35}094.47|35]09482/351095 1 7|35]0955 2135109587 |34]0962 1135109656)35 


125 |09691)|35}09726|34|09760}35]097 95|35109830/34109864|35]09899/35109934|34109968)35] 1000334 
126 |10037(|35}10072)|34110106/34]10140/35}10175)34]10209|34]10243 /35]10278|34]103 12/34]10346)34]|_vie0!90_| 
127 |10380)|35}10415]34]10449]34]10483/34]10517/34]1055 1134110585 /34]10619/34]10653)/34] 10687 |34 38137 

128 |10721)34]10755|3410789]34]10823/34]1085 7/33] 10890/34]10924/34]10958/34]10992)|33]1 1025/34 art 
129 }11059)34}1 1093/33} 11 126/34] 1 1160/33]1 1193]34}11227)|34]1 126 1)33}1 1294/33] 1 1327/34] 1 1361/33 


CONOR wWwH! 
is) 
j=) 
iw) 
i=) 


130 |11394/34]1 1428)}33]11461)/33}11494/34]1 1528/33]11561/33]1 1594/34]1 1628/33] 1 1661)33]1 1694/33 
131 }11727/33]1 1760/33] 11793/)33}1 1826/3411 1860|33}]1 1893/}33]1 1926/33] 1 1959/33} 1 1992|32] 12024/33 
132 |12057/33]12090)33} 12123/33]12 156/33} 1 2189)33]1 2222/39} 1 2254|33]1 2287/33] 1 2320/32] 1 2352/33 
133 ]12385)33]1 24 18/32] 12450)33]1 2483/33] 1 25 16|32|12548/33]1 258 1 |32]1 26 13/33] 1264632] 12678)32 
134 |12710)33]12743|32}12775 |33} 1 2808/32] 12840]|32| 1287 2)|33]12905|32] 12937 |32] 1 2969/32] 13001|32}} 


OwoNOo Rw 4H! 
= 
Ke) 
i 
10/0) 


135 |13033/33]13066/32]13098)|32]13130/32]13 162/32|13194)32]13226/32]13258/32] 13290)|32]13322/32}| ———$—$_—_- 
136 |13354/32]13386/32|13418|32]13450/31]1348 1 /32}13513/32]13545/32]13577/32]13609]31] 13640)32 36|35 

137 |13672|32]13704|31]13735]32]13767|32|13799|31] 13830)/39]13862|31]13893/32]13925]31|13956)32 
138 |13988)31]14019]32] 14051/31]14082)32])14114/31]14145/31]14176/32114208)|31]14239]31]14270)31 
139 |14801132}14333)31]14364|31]14395/31]144 26/31/1445 7/|32]14489/31114520|3111455 1/31]14582)31 


140 |14613)31]/14644)31]14675)|31)14706 31]14737/31]|14768)31]14799|30]14829/31]14860)|31]14891)31 
141 |14922)31)14953)30]14983/31]1 5014/31] 15045|31]1507 6/30) 15 106/31]15137/31115 168/30] 15198)31 
142 |15229/30}15259)31]15290/|30]15320/31115351/30]15381|31]15412/30]15442|31]15473)30]15503)31 
143 ]15534/30]15564/30]15594/31]15625/30]15655/30]15685|30) 157 15/31]15 746/30] 1577630) 15806|30 
144 |15836)30]15866)31]15897}30]15927|30]15 957/30] 15987]|30]16017/|30| 1604-7 |30| 1607 7|30| 16107\30 


CMON Ook wh 4! 
— 
ie.) 
ie.) 


145 |16137(30]16167/|30]16197\|30] 16227 29] 16256/30]16286/30) 163 16/30] 16346/30]16376/30] 16406 |29 34/33 
146 |16435)30]16465/30] 164.95 |29] 16524 /30]16554/30]1 6584/29] 166 13/30] 16643/30] 16673) 29] 1670230 
147 |16732/|29]16761|30} 16791|29} 16820 30]16850)29]16879 30] 16909) 29] 16938) 29] 16967|30] 16997 |29 
148 17026 3017056 |29] 17085 |29]171 14 29]17143/30]17173 20]1 720229] 1723 1 |29]1 7260 29] 17289) 30 
149 17319 )29}1 7348 29) 17377 |29)17406)20]1 7435 201 7464 |29}17 498 [291175222011 755 1/2011 7580 20 


150 17609 20] 17638|29| 17667 20] 17696|29]17725 20] 1775428117782 20] 17811 2911784029] 17869|20 


CONOCRWwNH| 
= 
J 
— 
lop) 


Nox 0) di al 2) dis Wid) 49 di) Saal 6 Bid yal Seid one id 


235 


TABLE 32 


Logarithms of Numbers 


1500-2000 


O jd} 1 


di] Prop. parts 


17609|29]17638 
17898}28]17926 
181842918213 
18469}29] 18498 
18752}28]18780 


19033}28}19061 
19312)28119340 
19590}28}19618): 
19866)27}19893 


CwoIH EBON! 
a 
for) 
an 
fon) 


20140)27/20167 29/28 
30/29 
20683]}27]20710 6 6 


20952)}26]/20978 
21219}26)/21245 
21484)27/21511 


21748 |27]/21775 
22011)26]22037 
22272/26)22298 
22531 /|26/22557 
22789)|25]22814 


OOM erp co ty | 
— 
On 
=“ 
fx 


23045 |25|23070 6] 5 
23300 |25|23325 8| 8 
23553 |25|23578 11}11 


23805)25/23830 
24055 /|25/24080 


24304 |25]24329 
2455 1)25]24576 
24797|25]24822 
25042|24/25066 


CONOR O DO H| 
— 
is 
= 
psy 


Pik Bo 
25285 25125310 al 5 5 
25527 |24125551 2425575 g abi 
25768)24/25792|24|25816 5113/12 
26007 24126031 |24126055 616/15 
2624524126269 24126293 7l18I18 
2648212326505 |24126529 9 

8/21/20 

26717|2426741 (23126764 Ele 
2695 1|24| 2697523126998 24 


27184 |23]27 207 |24|27231 
27416|23]27439|23|27462 
27646 |23]27669|23| 27692 


27875 |23]27898|23|27921 
2810323128 126}23}28149 


OWI SRW! 
— 
bo 
= 
bo 


28330 |23]28353 |22|28375 |2: 17/16 
28556 |22]28578)|23|28601 19/18 
28780 |23]28803 |22128825 92)21 
29003}23129026|22129048 __ (22/21 
29226 |22]29248/29]29270 2| 2 
29447 |22]29469/22]29491 4| 4 
29667)21]29688|22]29710 7| 6 


29885] 22129907 |22]29929 


30103/22/30125/21130146 


ONS | | aed 


CWONSUARwWWH| 
pt 
— 
a 
° 


236 


TABLE 32 


Logarithms of Numbers 


2000-2500 


Now [etOM sid) 61 yd) 2h rd) Sti al 4 pd) Bed ped] PS aid) G7 find eS rial RO tai BPE eat 
200 }30103 22}30125|21]30146 |22/30168 |22)30190 21 30211 22]30233)22130255|21130276)22]30298 
1 201 1303202113034 1 |22/30363) 21130384 / 22130406) 22/304 28 21130449) 2213047 1 |211304.92)221305 14 
202 130535 22130557 21130578) 22130600 2113062 1 | 22/30643) 21130664) 21130685 |22130707/21130728 
203 130750 21130771 |21]30792|22]308 14 |21130835)21/30856 |22130878) 21130899 |21130920)22130942 
204 130963 )21|30984 |22/3 1006/2113 1027 |2113 1048) 21/3 1069) 22/3109 1)21/31112/21]31133)211381154 


205 131175 )22131197|21]3 1218) 21/3 1239/21/31 260) 21]3 1281) 21]3 1302) 21/3 1323)22/3 1345|21]3 1366 
206 ]31387)21[31408)21]3 1429) 21]3 1450/2113 1471/2113 1492)2113 15 13)21/3 1534) 21/3 1555/2113 1576 
207 131597/21131618)21]31639) 21/3 1660) 21/3 1681) 21]31702)21/3 1723/2113 1744 |2113 1765/20)31785 
208 131806 |21]31827|21/3 1848) 21/3 1869) 21/3 1890) 2113191 1)20/3 193 1/21]31952)2113 1973/2138 1994 
209 132015}20)32035)21]3 2056) 21]3 207 7| 21/3 2098 20/3 2118) 21]32139)21/32160)21/32181|20j32201 


SoS EB o tH 


210 |32222|21132243|20]32263) 21132284 2113 2305 | 2013 23 25 |2113 23.46 |2013 2366 [21132387 /|21/32408 
211 132428)21132449]| 20132469 )21/32490)20]325 10)21]3253 1 |21]/32552)20)325 7 2|21|32593)20]32613 
212 132634 |20]32654 |21]3 2675/2013 2695 201327 1 5) 21132736 |20]32756 2113277 7|20132797|21/32818 
213 132838 |20]32858 21/3 287 9/|20]3 2899) 20/329 1 9) 21]32940| 20/3 2960 | 20/3 2980) 2113300 1|20)33021 
214 133041}21]33062/|20]33082) 20/33 102) 20)33 122/21]33 143}/20]33 163/20}33183|20]33203|21]33224 


215 133244 |20133264 /20]33284 [20133304 |21]33325 | 20]33345 [20133365 | 20]33385 |20133405|201334 25 
216 133445|20]33465 |21133486) 20133506 | 20133526 | 20133546 [201335 66 /20]335.86 | 20133 606 |20]33626 
217 133646 20133666 |20]33686|20|33 706 |20|33 7 26 |20]33 74.6 |20133 766) 20/33 786 | 20/33806|20}33826 
218 |33846|20]33866 |19]33885 |20133905|20]33925|20133945|20]33965)20]33985|20]3 4005|20}34025 
219 134044 |20]34064 |20]34084 20134 104|20]34 1 24|19/34 143 |20)34 163)20]34 183) 20]34203|20}34223 


Bato we ae 


220 134242/20]34.262)/20]34282/19134301|20]3432 1 |20]3434 1/20/3436 1 }19]34380|20]34400|20]34420 
221 134439/20134459]20134479/19134498)|20]345 18]1913453 7 |20]3455 7) 2013457 7/19134596)20]34616 
222 134635/20134655/19134674/20134694)\19]347 13) 20134733 | 20/34 753) 19|347 7 2/20134792|191348 1 1 
223 134830) 20]/34850]|19]34869) 20/34889|19134 908) 20134928 |19134947| 20134 967|19]34986|19]35005 
224 135025)19}3504-4|20]35064| 19135083 |19]35 102) 20/35 122|19]35 14 1|19135 160}20]35180|19]35 199 


225 135218/20]35238/19135257|19135276) 19135295 /201353 15|19]35334|19135353|19]353 7 2|/20]35392 
226 135411119]35430/19]35449]191354.68)/ 20135488 |19]35507| 19135526 |19135545]19135564/19/385583 
227 135603)19]35622|19}3564 1|19/35660/19]35679|19135698/19|357 17|19135 736) 19/35 755)/19135 774 
228 135793)20135813]19]35832/1913585 1 |191358 70) 1913588919135 908)19]35927/19135946|19}35965 
229 |35984/19136003]18]36021/|19]136040/19]36059]19]36078|19]36097)/19]36 1 16/19]36135)19}36 154 


OID OR O99 | 


230 |36173]19]36192}19136211|18]36229}19136248)19]36267|19/36286) 19136305 |19]36324|13]36342 
231 |36361/19]36380}19136399] 19136418) 18}36436)19]36455 | 19]36474|19]36493|181365 1 1!19]36530 
232 |36549|19]36568]18136586| 19136605|19|36624|18136642/19]3666 L|19]36680/18]36698)19]36717 
233 |36736/18]36754/19136773)18]367 91 |19]36810)19136829|18]36847 | 19]36866|13]36884|19}36903 
234 136922/18]36940}19136959]18]36977|19/36996]18]370 1419137033 {1813705 1/19137070)18137088 


OOM ET 09 09 | 


235 |37107/18|37125)19]37 144) 18/37 162) 19/37 181|18)37199)19137218|13]3 723 6|13]37 25419137273 
236 137291 }19]37310)18}37328)18]37346|19]3 736518137383) 13}37401|19]37420/|18137438|19137457 
237 |37475}i3|37493)18|375 11)19]37530)18]37548 18]37566|19]3 758518137603 |13]37621 18137639 
238 |37658)18|37676)18/3769418]377 1 2)19137731|18]37 74918137767 |18|37 785 | 18]37803)19}373822 
239 |37840)18]37858 18]37876)18]37894|18]379 1 2|1913 793 1|18137 94918137 967/18}37985|13]38003 


| 


CHOOSE CN 


240 138021]|181}38039}18]38057|18]3807 5/18]38093)19]38 1 1 2/18]38130)18]38 148) 13/38 166)18}38184 
241 138202|18]/38220]18]38238)18138256|18138274| 18]38292/13]383 1 0|18}383 28) 18/3834 6)18}38364 
242 138382)17/38399]181384 17) 18]38435 |18138453)18]3847 1 |18138489|18]38507)18]388525|138]38543 
243 138561117/38578) 18138596 |18]386 14 /18138632|18]38650 18]38668/18138686|17|38703\13]/38721 
244 138739 18138757)|18]38775 17/387 92)|18]388 1 0|18]38828 18138846] 17|38863/13]3888 1 |138]38899 


245 138917)17138934)18]38952 18138970|17/38987 |1813 9005 |138]3 9023) 18]3904 1 |17]39058/18]39076 
246 |39094/17]39111/13]39129)17139146)18]39164|18]39182)17/39199) 1813921 7/|18139235]17|39252)18 
247 139270)17139287)18]39305 17139322)18]39340|18139358|17]39375) 181393931713 94 10/18]3894 28 17 
248 139445) 18]39463|17/39480)18}39498 |17/395 15|18139533 17139550 18]39568 |17/39585|17/39602)18 
249 |39620)17]39637 \18139655|17139672/18]39690)17]39707 |17|397 24 |18139742)17139759)181389777\17 


250 3979417 39811 )18 39829) 17/39846|17/39863)18]3988 1 |17/39898 17 39915118 39933)|17139950)17 


Not} old] 1) sale eh lale3 dl 4’aldimScldi6iuidie 7pldlesinld| mote 


CONGO CR | 
oo 
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TABLE 32 


Logarithms of Numbers 


3000-3500 


| 25d e Samid| » 45h id) oss id | RG wail 7 eaidi as Prop. parts 


14147741|15147756/14]47770|14147784|15147799|14]47813|15147828 
14]47885|15147900/14]47914|15]47929|14147943]15]47958|1414 7972 
14/48029|15]48044/14]48058)15}48073|14148087|14/48101|15]48116 
14/48173|14]48187 |15]48202)14148216|14448230]14]48244|15148259 
144483 16|14]48330/14]48344)|15/48359|14148373|14]48387|14]48401 
14448458]|15]48473/14]48487 |14]48501 |14]485 15/15}48530)14]48544 
15/4860 1|14448615/14/48629]|14]48643|14]48657|14]4867 1|15]48686 
14148742|14148756)14]487 70|15]48785|14]487 99) 141488 13|14]48827 
14/48883|14]48897|14]489 1 1|15]48926]14]48940)14]48954|14148968 
14449010)14]49024|14]49038}14]49052/14]49066|14/49080)14]49094 14449108 


OONDUSPWNHr | 


14449150/14]49164|14]49178)14]49 1 92|14149206 |14]49220)14]49234|14]49248 
14/49304|14]49318]14]49332|14/49346/14]49360)14]49374|14]49388 
14449443|14]4945 7/14/4947 1|14/49485|14]49499)14]49513|14]49527 
14449582|14/49596/14]496 10)}14]49624|14149638/13]4965 114449665 
14449707 |14149721/13]49734|14149748 |14149762|14149776|14149790|13/49803 


14449845 |14149859]13]49872|14149886|14149900|14]499 1 4|13149927/14149941 
14]49996}|14]50010)14]/50024)13]50037 1415005 1|14]50065|14150079 
13]}50133/14150147|14]50161 |13]50174/14450188)14150202|13150215 
14150270|14,50284 |13]50297|14]503 1 1 114]50325)13]50338|14150352 
14150393)|13]50406/14]50420)13]50433 114150447 11415046 1|13150474|14150488 


14150529|13]50542|14150556/13150569|14]50583|13]50596 1141506 10|13150623 
14]50678)|13]5069 1 |14450705|13]507 18 |14450732)13]50745 114150759 
141508 13)|13]50826|14/50840/13]50853 |13]50866|14]50880|13]50893 
13150947 |14]5096 1 |13]50974|13]50987 |14/51001|13]51014|14]51028 
13]51068]13]51081|14451095/13}51108)13}51121)14451135/13]51148]14151162 


1 
2 
3 
+ 
5 
6 
7 
8 
9 


14451202)13)51215|13}51228)14]5 1242/1315 12551315 1 268|1415 1282113151295 
1315 1348]14{5 1362/13]51375|13]51388|14151402)13151415|13]5 1428 
1315148111415 1495/13]51508)13]51521 11315 1534/14451548)13]51561 
13]51614|13]5 1627 /13]5 1640|14]5 1654/1315 1667/1315 1680/1315 1693 
13]5 173313] 5 1746/13]5 1759|13]51772/14]5 1786)13]5 1799|1315 1812/13151825 


14451865/|13]51878/13]5 189 1|13]5 1904/1315 1917 /13]51930/13}51943)14151957 
13]52009}13]52022/13]52035 13152048 |1315206 114152075 /13152088 
13]52140|13]52153|13]52 166)13152179}13]52192/13}52205|13]52218 
13]52270|14152284 |13]5 2297 |13] 523 10}13]52323|13]52336)13]52349 
13]52388]13]5 2401 /13]524 14)13152427/13152440) 13152453 |13152466)13]52479 


13]52517|13]52530)}13]52543}13]52556)13]52569)13]52582/13]52595)13152608 
13]52660}13]52673/13]52686 }13]52699)12]52711/13)52724/13/52737 
13]52789)13]52802|13]528 15|12152827|13]52840)13]52853|1315 2866 
12}52917/13]52930/13]52943|13]52956|13]}52969|13]52982|12152994 
13153033 |13]53046|12}53058|13]5307 1 |13]53084/13]53097|13]53 1 10)12}53122 


CONOUPWNH | 


13]53161)12}53173)13]53186/13]53199]13]532 1 2|12153224|13)53 23713153250 
13153301|13]53314|12]53326|13]53339|13]53352/12153364|13|53377 
13153428 /13]53441|12]53453 13153466 |13]534 79 |12]5349 1 |13/53504 
13]53555/12/53567|13]535 8013153593 |12|53605| 13153618 |13/53631 
12153668 |13]5368 1|13]53694/12}53706|131537 19) 13]}53732|12153744) 13153757 


— 
bo 


12353794 /13]53807 | 13]53820|12}53832|13153845 |1215385 7 |13]53870/12/53882 
13]53933|12]53945|13]53958|12153970|13}53983}12}53995|13/54008 
13]54058)12154070|13}54083 |12}54095|13}54108|12}54120/13/54133 
13]54183)12]54 195 |13}54208|12}54220|13]54233|12]54245/13154258 
1254295 /12/54307|13]54320|12}54332/|13]54345 |12154357|13]54370/12)54382 


OONDOAPWNHr | 
RK OONOOPNr 


— 


12}54419)13]54432)12]54444 |12}54456|13154469/12}5448 1 |13}54494 12154506 


dj 3 |dj 4 col oy |itel | 7 \ leol ye 3 
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CONOUPwWNe | 


1 
2 
3 
4 
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6 
7 
8 
9 


RFOONOOB DH 


fad pat 


—_ 
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— 
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— 
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TABLE 32 


Logarithms of Numbers 


4000-4500 


Ci Saaldiiy 4ag di sos Gi Gaaidin anidiy Saaidieed Prop. parts 


11160239} 10]60249}] 11]60260)|11]6027 1)11]60282)11/60293)11]60304 
11]60347}11]60358) 11]60369]10]60379)11]60390)11160401/11]60412 
11]60455)11]60466)11]6047 7/|10}60487|11]60498/11]60509) 11160520 
11]60563}11]6057 4) 10]60584) 11160595) 11160606) 11]606 1 7|10}60627 
10]60670)11]60681}11]60692/11]60703}) 10] 607 13/11]60724| 11]60735 


11160778] 10]}60788} 11]607 99}111608 10) 11]60821)}10}60831|11]60842 
11160885] 10]60895)11]60906]11]609 1 7|10]60927|11]60938)11]60949 
106099 1}11]6 1002) 11)61013/10}6 1023) 11)61034/11161045)10]61055 
11]61098}11]61109)10]61119)}11]61130)10}61140/11]61151)11]61162 
10]61204/11]61215)10}61225)11/6 1236) 11]61247/10161257/11/61268 


CONOOLWNH | 
SOONORWNHE 


ey 


1016138 10}11]61321)10]61383 1)11]61342)10]61352/11]/6 1363) 11161374 
11161416)10]61426]11]61437)11]61448)10]61458) 11161469] 10]61479 
10}61521)11]61532/10}6 1542) 11]61553}10}6 1563) 1116 1574/10}61584 
11161627) 10]61637|11]6 1648) 10]6 1658) 116 1669) 10]61679) 11161690 
10}61731)11]61742/10}61752)11]61763)10}61773)11]61784/10]61794 


10]61836)11]61847|10]61857)11]6 1868) 10]6 1878) 10]61888]11161899 
11]61941)10}61951}11]61962)10}61972)10]61982)11]6 1993) 10}62003 
11]62045) 10162055} 11162066) 10] 6207 6] 10] 62086) 11162097} 10]62 107 
11]62149)10]62159}11162170)10]62180}10]62190)11]62201}10}62211 
10]62252) 11162263} 10]6227 3) 11]62284 | 10]62294)10}62304)11]62315 


10]6 2356) 10]62366]11]6237 7| 10]62387)| 10162397] 11]62408)10162418 
10]}6 2459) 10]62469] 11162480) 10]62490) 10]62500/ 1116251 1)10]62521 
10]62562)10]6257 2/11]62583}) 10]62593) 10162603) 10]626 13) 11162624 
10]62665) 10162675} 10]}62685) 11]62696) 10162706] 10]627 16) 10])62726 
10]62767)11]62778)10]}627 88} 10] 627 98) 10162808] 10]/62818) 11162829 


—_ 
So 


11/6287 0) 10]62880]10]628 90} 10]62900) 101629 10} 11]6292 1]/10]6293 1110 
11162972) 10]62982)10]62992} 10]63002/10]630 1 2} 10]63022)11163033 
10]63073)10]63083) 11163094} 10/63 104/10]63 1 14) 10}63124)/10]63134 
10}63175} 10/63 185}10]63 195} 10]63 205) 10] 632 1 5}10}63225) 11]63236 
10}632 76) 10]63286]10]63296|10]63306)11]633 1 7}10]}63327|10]63337 


OWBDNMOAPWNe | 
CONOR WNHrH 


10]6337 7|10}63387|10]63397|10]63407|10}63417|11]63428)10)63438 
10]63478}10]63488) 10]63498) 10]63508}10}635 18} 10]63528)10]63538 
11]63579}10}63589) 10]63599] 10]63609)10}636 19} 10]63629|10}63639 
10]63679}10}63689) 10] 63699} 10]63 709) 10}637 19} 10]63729| 1063739 
10]63779}10}63789) 10]63799|10}63809}10]63819}10]63829]10]}63839 


10]63879}10]63889) 10}63899|10}63909}10}639 19} 10]63929|10}63939 
10}63979] 9163988) 10]63998/10]6 4008} 10}64018}10]64028)10}64038 
1064078} 10]64088}10]64098) 10]64108} 10]64118)10}64128| 964137 
10}64177|10}64187)10}64197|10]64207|10)642 17) 10]64227|10]64237 
10]6427 6} 10]64286) 10] 6 4296/10] 64306}10}643 16)10]64326| 9164335 


10}6437 5) 10]64385) 10164395} 9164404) 10]64414)10]64424|10)64434 
916447 3}10164483] 10]64493}) 10]64503) 101645 13/10}64523) 9164532 
10]6457 2) 10]64582) 916459 1/10}6460 1) 10]646 1 1/10}6462 1/10/6463 1 
10}64670)}10]64680) 9164689]10]}64699} 10]64709}10]647 19] 10]}647 29) < 
10}64768)| 9]64777/10164787/10]}64797|10]64807| 9]64816/10}64826 


eo 


9164865) 10]64875)10]64885/10]}64895) 9164904} 10}649 1 4|10}64924 
10]64963} 9]6497 2) 10}64982)10]64992)10}65002) 9/6501 1}10}65021 
10}65060)10}65070| 9165079) 10}65089) 10}65099) 9]65108|10}65118 
10]65157|10}65167) 9165176) 10}65186)10}65196) 9165205)10)65215 
10}65254| 9165263) 10]65273/10]}65283) 9165292) 10}65302/10]65312 


OWONWOAIPWNrE | 
ONDOP RWNr 


9165350) 10}65360) 9165369) 10]65379) 10}65389] 9165398) 10]65408 


al) Sie diy 4rd said 6 Cit Seen (Cies 
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TABLE 32 
Logarithms of Numbers 
d| 2 d| 4 /dl 5 /dl 6 {dl 7 Jdl 8 Jal 9 Jal} Prop. parts 
10165341 10165360] 9165369] 10]65379|10]65389] 9/65398|10165408|10 
10165437 9165456/10165466| 9165475|10]65485|10/65495| 9165504|10 10 
10165533 9165552|10]65562| 9/6557 1|10165581/10165591) 9165600|10]} —|—— 
10165629 9165648110165658) 9165667|10165677| 9/65686/10/65696|10]] 1 | 1 
10165725 10165744| 9165753|10165763) 9165772\10/65782\ 10165792! 9 4 . 
9165820 9165839]|10165849]| 9/65858/10/65868| 9165877/10165887] of 4 | 4 
10165916 10165935] 9165944|10/65954| 9/65963/10/65973| 96598210] 5 | 5 
10166011 10166030) 9]66039]10]66049] 9]66058|10]66068) 9166077)10]] 6 | 6 
1066106 9166124/10]66134| 9166143/10166153] 9/66162|10/66172| off 7 | 7 
9166200 9166219]10166229| 9166238] 9|66247|10]66257| 916626610 5 
10166295 10166314| 9166323] 9166332|10/66342| 9166351110]66361) 9 
9166389 10166408] 9166417|10]66427| 9166436] 9]66445|10/66455| 9 
9166483 10166502] 9166511/10}66521| 9166530] 9/66539|10/66549| 9 
10166577 10166596! 9166605] 916661 4|10/66624| 966633] 9166642/10 
10166671 9166689]10166699| 9|66708) 9|66717|10166727) 9166736] 9 
9166764 10166783] 9166792] 9]66801|10/66811| 9/66820| 9/66829]10 
9166857 9166876] 9166885] 9166894]10166904] 966913] 916692210 
9]66950 9166969] 9166978} 9166987)|10}66997| 9167006] 9167015)10 
9167043 10167062] 9167071] 9167080| 9167089]10/67099] 9167108] 9 
9167136 9167154|10/67164| 9/67173) 9|67182) 9167191/10167201| 9 
9167228 10167247| 9167256] 9167265] 9/67274/10/167284| 9167293] 9 
10167321 9167339] 9167348] 9|67357|10|67367| 9167376) 9167385] 9 9 
10167413 9167431] 9167440] 9167449]|10/67459]| 9/67468) 9167477] || | _ 
9167504 967523] 9167532) 9167541] 9167550|10]67560| 9167569] ol] 4 | 4 
9167596 9/67614|10167624| 9167633) 9|67642| 9167651] 9167660] ol] 9 | 92 
a = cee 
9167688 9167706] 9167715] 9167724 9/67733| 9167742|10167752| ol 4 | 4 
9167779 9|67797| 9167806| 9|67815|10]67825] 9|67834) 9167843] oll 5 | 4 
9167870 9|67888| 9167897| 9167906|10/67916| 9167925] 9]67934| ol 6 | 5 
9167961 967979] 9|67988| 9167997| 9168006} 968015] 96802410] 7 | 6 
9168052 968070) 968079] 9]68088] 968097] 9[68106] 968115] of] g | 7 
: = =F cles: 
9168142 968160] 9168169] 9168178) 9]68187| 9168196] 9]68205|10 
9168233 968251| 9168260] 9]68269] 9]68278] 9168287] 9168296] 9 
9168323 9168341| 9168350] 9168359] 9|68368] 9168377] 9168386) 9 
968413 9168431] 9168440] 9168449] 9168458] 9168467] 9168476] 9 
3168502 9168520] 9168529] 9168538] 9168547] 9168556] 9168565] 9 
9168592 9168610) 9168619] 9168628) 9]68637| 9168646] 9168655] 9 
8168681 9168699] 9168708] 9168717] 9|68726| 9168735) 9168744] 9 
9168771 9168789] 8168797| 9168806] 9/68815! 9168824) 9168833] 9 
9168860 9168878] 8168886] 9168895] 9|68904| 9168913) 9168922) 9 
9168949 8168966] 9168975] 9]68984| 9]68993] 969002) 9]69011| 9 
9169037 9169055] 9169064] 9169073] 9169082] 8169090} 9169099] 9 
9169126 9169144] 8169152] 9169161) 9169170] 9169179] 9]69188] 9 8 
969214 9169232) 9169241| 8169249] 9/69258] 9169267) 9169276] 9 
8169302 9]69320| 969329] 9169338) 3169346] 969355) 9169364] of) | 
9169390 9]69408) 969417| 8169425) 969434] 969443] 9169452] of] 5 | 5 
9169478 9169496] 8169504! 9169513] 9169522! 9169531] 8169539] 9 : 
9169566 9169583] 9169592} 9169601) 3169609] 9]69618| 969627] 9] - | 4 
9169653 969671) 3169679} 9169688) 9169697] 8]69705| 969714) 9] B | 5 
8169740 969758) 9169767| 8169775) 9169784] 9169793} s|69801 9] 7 | ¢ 
38169827 969845] 9169854) s169862| 9169871] 969880 369888] 9] 2 | ¢ 
8169914 169932) s169940| 169949] o69958! sl69966| 9169975] a] 9 | 4 
d| 2 dl & ld 5 ldl. Ge |ldl F | idl S idl gyi la 
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TABLE 32 


Logarithms of Numbers 


5000-5500 


dj 2 di 4 i /d) & idl @& \di % idl 8) tal 9G) jah Secee 


8}69914 9]69932| 8}69940} 9169949) 9169958) 8}69966| 9169975 
9/70001 8170018) 9/70027| 9170036) 8170044) 9170053) 9170062 
970088 9]70105) 970114! 3170122) 9170131) 9170140) 3/70148 
970174 8]70191| 9]70200} 9}70209] 8]70217| 9/70226| 3170234 
8]70260 9170278] 8]70286| 9170295] 8]70303) 9170312) 9}70321 


8170346 9]70364| 3170372] 9170381] 8170389] 9/70398) 3|70406 
8170432 8]70449) 970458] 9170467] 8170475) 9170484) 3/70492 
970518 9170535) 9170544) 3}70552| 9170561) 8)/70569) 9]70578 
8]70603 970621) 8}70629) 9170638) 8]70646) 9/70655) 9}70663 
9]70689 9]70706) 8}70714| 9170723) 3|70731| 9170740) 9170749 


Rene L=) 


8|70774 8]70791} 9/70800} 8}70808) 9170817) 8}70825) 9170834 
8170859 8|70876| 9170885) 3]70893) 9170902) s}70910) 9170919 
9]70944 9]70961) 3|70969) 9}70978) 8/70986) 9]70995) 3}71003 
971029 9]71046) 3]71054) 9/71063) 8/71071| 3/71079] 9/71088 
§/71113 3}71130) 9]71139) 8/71147| 8/71155) 9/71164| 8/71172 


971198 3]/71214| 9171223) 3171231] 9171240} 3171248] 9171257 
971282 971299] 8/71307| 3171315] 9171324) 3171332] 971341 
9171366 9]71383] 8/71391| 8171399] 9171408} 3171416} 9171425 
971450 8|71466| 9]71475| 8]71483] 9171492) 3171500} 3171508 
8171533 8171550} 9171559] 8171567) 8171575) 9171584) 3171592 


8|71617 971634] 8]71642) 8171650) 9171659) 8|71667| 3}71675 
871700 8)71717) 3171725) 9171734) 3]71742| 3)71750| 9)71759 
9171784 8171800} 9]71809} 8]71817| 8171825) 9171834) 3}71842 
9171867 871883] 9]71892) 8/71900| 8171908) 9171917) 3171925 
971950 3]71966} 9171975] 871983] 8171991) 3171999] 9172008 


eo 


8}72032 8]72049] 8172057) 9]72066) 8}72074) 3}72082) 8]72090 
8}72115 972132) 8/72140| 8/72148] 8172156) 9172165] 3/72173 
972198 3172214] 8172222) 3172230) 9172239) 3172247] 3172255 
8]72280 8172296] 8172304! 9172313] 8172321) 3172329] 3172337 
8172362 8172378) 9172387) 8172395] 8]72403) 3]72411} 8|72419 


NOOOPWNNrH 


8)72444 8]72460} 9172469) 8|72477| 8}72485| 3}72493] 38/72501 
8)72526 8172542) 8172550) 8]72558) 9172567) 3]72575) 3172583 
8172607 8172624) 8172632) 3|72640} 8/72648) 3|72656| 9172665 
8|72689 8172705) 8|72713) 9]72722) 8]72730) 8|72738) 3]72746 
8|72770 8]72787| 8|72795) 8172803) 3|72811) 3172819] 3172827 


9172852 8]72868] 8172876) 8172884) 8172892) 8]72900| 3172908 
8172933 8]72949| 8172957] 8172965] 8172973) 38172981) 8172989 
8173014 8173030, 8)73038! 8173046) 3]73054| 8}73062) 8/73070 
873094 973111) 3173119} 81/73127| 3}73135) 3|73143) 3|73151 
8173175 8]73191] 8173199] 8173207] 8]73215) 3]73223) 3}73231 


8173255 973272) 8]73280) 8]73288] 8173296) 8173304/ 3173312 
8173336 8173352) 8]73360) 8|73368) 3/73376) 3/73384| 3/73392 
8)73416 8173432, 8]73440, 8173448) 3}73456, 3173464| 3)/73472 
8}73496 8173512) 8173520! 8173528) 8173536) 3173544! 8173552 
8173576 8]73592| 873600] 8]73608) 8173616) 3]73624) 3173632 


8173656 8173672) 7/73679| 8173687] 8173695] 8173703) 8|73711 
8]73735 8173751) 8}73759| 8173767 8173775) 8173783) 8/73791 
8/73815 7173830] 8173838] 8173846, 8173854) 3173862) 3/73870 
8}73894 8173910] 8173918] 8173926] 7173933) 3173941) 3/73949 
8)73973 8173989) 8173997] 8174005] 3174013) 7174020) 8/74028 


ee] 


| 


OONMBWDOPWNHH | 
DOO PWNHRHE 


8174052 8174068] 8|74076] 8174084 8]74092) 7174099) 8174107 


dj 2 Gl 255 lel) By el) Gel) vel] ich) 


TABLE 32 


Logarithms of Numbers 


eee 
5500-6000 


8176313) 


Prop. 


OONOOPWNrH | 


243 


parts 


NOOO WD NH | @ 


Q 


| 


DOP PWR 


244 


TABLE 32 
Logarithms of Numbers 
No. One die Wi Gu 2a, dit “se iidit 4 id 5 |dj 6 !di 7 |d} 8 |d| 9 | dif Prop. parts 
600 77815| 7177822| 8177830. 7177837 777844) 7/77851 8177859) 7177866) 7|77873) 7/77880| 7 8 
601 177887) 8177895] 7]77902) 7177909) 7177916) 8]77924) 7177931) 7177938) 7|77945) 7177952) 8s 
602 177960) 7177967) 7177974) 7177981\ 7177988) 8177996) 7178003) 7178010} 7/78017) 8}78025) 7 1 1 
603 178032) 7]/78039) 7/78046| 7178053) 8}78061) 7]/78068) 7/78075| 7178082) 7178089] 8178097) 7 2 2 
604 178104! 7]78111) 7/78118) 7]78125| 7|78132) 3178140) 7178147) 7/78154) 7/78161) 7/78168) 8s 3 ) 
605 178176) 7|78183] 7/78190) 7178197| 7|78204| 7]78211| 3178219] 7178226) 7178233) 7/78240) 7 ; : 
606 |78247)| 7|78254| 8178262) 7178269] 7178276) 7]/78283) 7/78290)| 7178297) 8|78305) 7/78312) 7 6 5 
607 178319} 7178326] 7]78333) 7178340) 7178347) 8178355) 7178362) 7/78369) 7/78376) 7178383) 7} 2 6 
608 178390) 8|78398) 7]78405) 7178412) 7|78419) 7178426) 7]78433)| 7/78440) 7178447| 8178455) 7 3 A 
609 178462) 7|78469| 7/78476| 7178483] 7/78490) 7178497] 7178504! 8178512) 7178519] 7178526) 7 9 : 
610 178533) 7/78540) 7178547) 7178554) 7/78561) 8178569) 7178576) 7178583) 7178590) 7178597) 7 
611 |78604| 7/78611) 7/78618) 7|78625) 8]78633) 7178640! 7178647) 7/78654| 7/78661)| 7/78668) 7 
612 |78675) 7/78682)| 7178689] 7|78696) 8178704) 7178711!) 7178718) 7]78725| 7178732) 7178739) 7 
613 178746) 7/78753) 7/78760| 7|78767| 7178774| 7178781) 8178789) 7|/78796| 7/78803) 7178810} 7 
614 |78817)| 7]78824| 7178831) 7|78838) 7178845) 7178852) 7178859] 7|/78866) 7/78873)| 7178880) 8 
615 |78888) 7178895] 7178902) 7/78909| 7178916) 7178923) 7]/78930) 7/78937| 7178944) 7]78951) 7 
616 178958} 7]78965) 7178972) 7/78979)| 7178986) 7]78993) 7/79000) 7/79007| 7|79014! 7/79021) 8 
617 179029) 7179036) 7179048) 7179050) 7179057) 7179064) 7]/79071) 7/79078) 7179085} 7179092) 7 
618 179099] 7/79106| 7]79113) 7/79120) 7179127) 7179134) 7]79141) 7/79148) 7179155) 7179162) 7 
619 179169) 7]79176| 7179183) 7]79190) 7179197) 7|79204) 7179211) 7179218) 7179225) 7/79232) 7 
620 179239) 7]79246) 7179253) 7/79260| 7179267) 7179274) 7/79281)| 7179288) 7179295] 7/79302) 7 
621 179309} 7179316) 7/79323) 7179330] 7179337) 7179344! 7179351) 7179358) 7179365) 7179372) 7 7 
622 179379] 7/79386)| 7179393) 7179400) 7179407) 7]79414) 7179421)| 7179428] 7179435) 7179442) 7]]——|-—— 
623 179449 7179456) 7]79463) 7179470) 7]79477) 7179484) 7179491) 7]79498)| 7179505) 6]79511) 7} 1) 1 
624 179518) 7/79525) 7179532) 7179539) 7179546) 7179553) 7179560) 7179567) 7179574! 7179581) 7] 2 1 
| - 3 2 
625 179588) 7/79595| 7179602) 7179609) 7179616) 7179623) 7|/79630) 7/79637)| 7179644] 6179650} 7} 4 3 
626 179657) 7179664! 7]/79671| 7179678) 7179685) 7]79692) 7]79699)| 7179706) 7|79713) 7/79720) 7} 5 4 
627 179727| 7179734] 7179741) 7179748) 6179754) 7179761) 7]/79768) 7179775) 7179782) 7179789) 7H] 6 4 
628 179796] 7/79803) 7179810! 7/79817| 7179824) 7]79831) 6179837) 7179844) 7179851) 7179858) 7] 7 ‘5 
629 179865} 7]79872) 7179879} 7/79886) 7179893) 7]79900) 6179906) 7]79913) 7179920) 7179927| 7] 8 6 
| | 9 6 
630 179934) 7179941) 7]79948) 7179955) 7179962) 7179969) 6179975! 7/79982! 7179989] 7179996! 7 
631 }80003) 7}80010} 7}/80017| 7}80024| 6/80030) 7]80037) 7}80044! 7]/80051) 7/80058)| 7]80065}) 7 
632 |80072) 7/80079| 680085! 7]/80092) 7]80099) 7]/80106) 7/80113) 7]80120) 7]/80127) 7/80134) 6 
633 }80140) 7/80147| 7]/80154) 7/80161| 7]80168) 7]80175| 7]80182] 6|80188) 7/80195] 7]80202| 7 
634 }80209| 7}80216| 7]/80223) 6/80229 7180236) 7180243 7180250} 7|/80257) 7/80264| 7/80271| 6 
635 |80277| 7}80284| 7}/80291) 7]/80298 7180305, 7180312 6180318) 7]/80325| 7/80332)| 7180339} 7 
636 180346) 7180353) 6|80359) 7/80366) 7/80373) 7{80380)| 7]80387)| 6/80393) 7]80400} 7/80407) 7 
637 |80414) 7/80421) 7/80428) 6/80434) 7/80441) 7]80448) 7]80455) 7/80462) 6|80468) 7/80475] 7 
638 |80482| 7/80489) 7180496) 6/80502) 7}80509! 7]80516) 7180523] 7/80530) 6/80536) 7]/80543) 7 
639 }80550| 7180557) 7|80564| 6180570) 7]/80577| 7180584! 7180591) 7/80598) 6/80604| 7]/80611) 7 
640 180618) 7}80625 7180632) 6|80638 7/80645) 7/80652 7180659) 6|80665)| 7}80672! 7|/80679) 7 
641 80686) 7/80693) 6}80699) 7180706) 7/80713) 7180720) 680726) 7180733 7180740) 7|80747| 7 6 
642 |80754| 680760) 7]80767| 7180774) 7}80781) 6180787) 7180794) 7]80801| 7]80808) 680814) 7 
643 |80821) 7]/80828) 7]80835) 6|80841) 7/80848) 7]80855| 7/80862) 680868) 7]80875) 7]80882!) 7 1 1 
644 |80889| 6180895} 7]/80902) 780909) 7180916) 6]80922) 7180929) 7]/80936)| 7/80943) 680949) 7 9 1 
645 |80956) 7180963) 6|/80969) 7]/80976 7]80983, 7/80990 6180996) 7181003 7181010) 7]81017) 6 2 4 
646 181023) 71810380) 7]81037) 6/81043) 7]/81050 7181057) 7181064) 6/81070) 7/81077| 7181084) 6 & 3 
647 }81090 781097 7}81104) 7181111) 681117) 7781124 7181131) 681137 7181144) 7/81151) 7 6 4 
648 181158 681164) 7/81171) 781178) 681184 7181191) 781198) 6/81204| 7181211) 7]/81218) 6 7 4 
649 |81224 781231) 781238) 781245 681251 7/81258 7/81265| 681271, 7/81278) 7/81285) 6 8 5 
650 |81291| {81298 {81305| of81311, 7]81318 7181325) 81331) 181338) 181345, 81351 7) | > 
No.| 0. Id} 2 ld) 2 Id) 3) ld) 45 lal 8. la] 6. lal 75 lab 8 lal 9. la 
| | | | | 


245 


TABLE 32 


Logarithms of Numbers 


eee 
6500-7000 


Prop. parts 


a 


COP PB WNN Re 


84510 


246 


TABLE 32 


Logarithms of Numbers 


7000-7500 


dj 2 dj 4 d| 6 |d| 7 d| 9 Prop. parts 


d 
6]84522 7/84535 6]84547| 6184553 7/84566| 6 
6|84584 784597 6184609) 6/84615 7184628) 6 
6/84646 6]84658 6184671) 6|84677] 6 6184689) 7 
6184708 4! 6|84720 7184733] 6|84739 6184751) 6 
7184770 6184782 6184794] 684800 684813) 6 


6184831) 6 37| 7/84844 684856) 6/84862 6184874 
7| 6{84893 9} 6/84905 684917) 7184924 684936 
684954 7184967 684979} 6]84985 ‘ 6184997 
785016 685028 685040} 6/85046| 6 6]85058 
6185077 6185089 685101) 6/85107 685120 


DIR HD 
OOBNONIPWNHE | 
asa eee ees | 


6185138 4) 6185150 7/85163) 6/85169 685181 
6185199 6/85211 7/85224| 6185230 685242 
6185260 6]/85272 7185285) 6/85291 685303 
6185321 6]85333 6185345] 7185352 685364 
6)85382 6]85394 6185406) 6f/85412 7185425 


[7 


DAWN S 


685443 6185455 6185467) 6/85473 6185485 
7| 6185503) 6 9) 7/85516 685528) 6/85534 6185546 
6]85564 70) 6]/85576 6185588) 6/85594 6]85606 
7185625 685637 6185649) 6/85655 6/85667 
6185685 6185697 6185709) 685715 6185727 


DADA D 


6)85745 685757 6185769] 6/85775 7185788 
685806 6]85818 6185830) 6/85836 6185848 
6|85866 72) 6|85878 4) 6185890) 6/85896 6185908 
6185926 6185938 6185950] 6/85956 6185968 
6|85986 92| 6185998 6/86010) 6f/86016| 6 6186028 
6186046 6186058 6}86070) 6/86076 686088 
6/86 106 6/86118 6/86130| 6]86136 686147 
6/86165 6|86177 6186189] 6]86195 6|86207 
6j86225 6186237 6]86249] 6/86255 6|86267 
686285 6|86297 5]86308) 6/86314 6186326 


DAD RD 


fez) 


DARD 


don SoS | a 


6186344 6(86356 6]86368) 686374 6186386 
6186404 5/86415 6186427) 6|86433 6186445 
686463 686475 6186487] 6/86493 5/86504 
6186522 6/86534 6186546} 6/86552 6186564 
5/8658 1 6|86593 6|86605| 6/86611 6186623 


DPXAAAD 


6186641 6186652 6186664| 6{86670 6186682 
6186700 686711 717) 6|86723| 686729: 6186741 
6|86759 6186770 6186782) 6/86788 6186800 
5186817 6186829 6186841] 6/86847 6186859 
6186876 6|86888 6186900) 6/86906 6|86917 
6186935 6186947 5186958) 6/86964 6186976 
6]86994 6187005} 6 6187017) 6187023} 6 6187035 
6187052 6|87064 5187075} 6/87081 6}/87093 
6187111 6|87 122 6187134) 687140 5187151 
6187169 6{87181 6187192) 6/87198 6187210 


DN AID | Oona aD 


6187227 6187239 6|87251| 587256 6187268 
687286 687297 6187309} 6187315 687326 
6187344 6187355 6187367] 6187373 5|87384 
6187402 5187413 6187425) 6187431 587442 
6187460 5187471 6187483] 6187489 5|87500 


DPA2X2DD 


Pe PWONNNrO | OO 


6187518 6187529 6187541) 6187547 6]87558 


dj 2 dj 4 di 6 dl @ dj 9 


TABLE 32 


Logarithms of Numbers 


247 


7500-8000 


Prop. 


CONOORWNrH | 


parts 


| 


OOP PONNRr 


PE PWN NNHO | nO 


TABLE 32 


Logarithms of Numbers 


8000-8500 


No.| 0 /d}| 1 |d| 2 |d| 3 {dj} 4 |d| 5 |d| 6 |dJ 7 |d] 8 |d] 9 [dif Prop. parts 


800 |90309} 5}90314] 6]90320} 590325] 690331) 590336) 690342) 5/90347| 5190352) 690358 
801 90363) 6/90369) 5}90374| 6/90380}| 5}90385) 5|90390)| 6}90396| 5/90401)| 6)90407| 5190412 
802 190417) 6)90423) 590428) 690434) 5/90439| 690445} 5/90450) 5}90455| 690461) 5190466 
803 90472) 590477) 590482) 690488) 590493) 690499) 5/90504| 5/90509) 690515) 590520 
804 |90526) 590531) 590536) 690542) 5/90547| 690553} 5]90558) 5}90563) 690569] 590574 


DAX2Q2an 


805 }90580} 5]90585) 5}90590)} 690596} 5]90601) 6190607) 5190612) 590617) 690623) 590628 
806 |90634| 5}90639] 5}90644| 690650} 5]90655) 590660) 6}90666) 590671) 690677) 590682 
807 |90687| 6|90693] 590698} 590703} 690709) 590714) 690720) 590725) 5}90730| 690736 
808 |90741) 6/90747) 5}90752} 590757) 690763) 590768) 590773) 690779) 5|90784| 590789 
809 |90795| 5}90800) 6}90806} 5]90811} 5/90816) 690822) 590827) 5/90832) 690838) 590843 


Anna Dn 


COOBNOOPWNr | 
OOP PWNNRR | fr) 


810 ]90849} 5]90854| 5}90859) 6}90865} 5/90870| 5}90875) 6|90881)| 590886) 5]90891| 690897 
811 |90902} 5]90907| 6/90913} 5{90918) 6{90924| 5190929] 5190934) 6}90940) 5}90945) 5|90950 
812 190956} 590961} 5190966} 690972) 5]90977| 5190982) 690988) 5}90993) 590998) 6/91004 
813 [91009] 5/91014| 691020} 5191025} 5191030] 691036] 5{91041} 5191046) 691052) 5)91057 
814 191062) 691068] 591073] 5{91078} 6/91084| 5}91089| 5191094) 691100) 591105) 5/91110 


D> orn HD 


815 191116} 5/91121) 591126) 691132) 591137) 5/91142) 691148) 5}91153) 5/91158) 691164 
816 }91169} 5/91174| 691180) 591185) 591190} 691196} 5/91201| 5191206) 691212) 591217 
817 191222) 691228) 5191233) 5191238) 5]91243} 691249] 591254] 5191259) 6/91265) 5/91270 
818 }91275| 691281) 591286] 591291) 691297} 5191302} 591307] 5191312) 691318) 591323 
819 ]91328} 691334) 591339] 5191344) 691350} 591355} 591360} 5}91365) 6/91371) 5/91376 


820 91381] 6/91387| 5}91392)| 5191397] 6]91403) 5191408} 591413} 5/91418) 6/91424) 5/91429 
821 }91434) 6/91440| 5/91445] 5191450] 5}91455) 6/91461| 591466] 5/91471| 691477) 591482 
822 191487] 5191492) 691498} 5191503] 5/91508) 691514} 591519] 591524) 591529) 691535 
823 191540) 5/91545) 691551) 591556) 5191561] 591566) 691572) 591577] 5191582) 591587 
824 191593} 5/91598) 5191603) 6/91609) 591614) 591619} 5/91624| 691630) 5]91635) 5/91640 
825 |91645] 691651) 5191656] 591661) 5|91666] 691672] 5/91677| 591682) 5/91687| 691693 
826 |91698) 5]91703) 6191709] 5/91714) 5191719] 5/91724| 6/91730) 591735) 5191740} 5]91745 
827 91751] 5191756) 591761) 591766) 691772] 5191777| 5/91782) 591787] 691793) 591798 
828 191803] 5/91808) 691814! 591819] 5]91824| 591829) 5}91834) 691840) 591845) 591850 
829 191855} 6191861) 5/91866) 591871) 5/91876) 691882) 591887] 5}91892) 591897] 691903 


enc eG ll eaen erage 


Or or or Do 


830 191908} 5}91913) 5/91918] 6191924] 5/91929| 5191934) 591939] 5|91944) 691950) 5191955 
831 ]91960| 5/91965) 691971) 591976) 5/91981| 5/91986| 5/91991| 691997) 592002) 5/92007 
832 192012) 6192018} 592023) 5192028} 5/92033) 5192038} 6192044) 5/92049] 5192054) 5|92059 
833 192065} 5/92070| 5/92075} 5}92080) 5}92085) 692091! 592096) 5/92101| 5{92106) 592111 
834 192117) 5192122) 5/92127) 5192132] 5/92137) 692143} 592148) 5/92153) 592158) 592163 


DOAN 


835 ]92169} 5]92174| 5/92179) 5192184) 5192189) 6192195) 5192200) 5/92205] 5}92210) 592215 
836 192221) 5192226) 5192231! 5192236] 5192241) 6192247] 5|92252) 5)92257) 5192262) 5192267 
837 192273) 5192278) 5192283] 5192288] 5192293) 5192298) 692304) 5/92309| 592314) 5192319 
838 ]92324) 6192330) 5/92335] 592340) 5192345) 5192350] 592355) 692361) 5/92366) 592371 
839 |92376) 5192381) 6/92387| 5192392) 5192397] 5/92402) 5192407] 5/92412) 692418) 5192423 


or on or DD 


840 192428) 5192433) 5192438) 5192443] 692449) 5192454) 5192459] 5/92464| 5192469] 5|92474 
841 192480) 5192485) 5|92490} 5192495] 5192500} 5192505) 692511) 5/92516) 592521) 5|92526 
842 192531) 5192536) 6/92542) 5]92547| 592552) 5192557) 592562) 5192567 5|92572| 692578 
843 192583) 592588] 5192593) 5]92598) 5192603) 6/92609} 5/2614) 5192619) 5192624) 5|92629 
844 192634) 5192639) 692645) 5192650) 5/92655) 5192660} 592665] 5/92670) 5|92675| 692681 


or or or or 


845 |92686| 5192691) 5|92696| 592701) 5192706) 5|92711| 592716) 692722) 592727) 5192732) 5 
846 |92737| 5192742) 5192747| 592752) 692758) 5192763] 592768] 5192773] 5|92778| 592783) 5 
847 192788) 5192793) 692799) 5192804) 5/92809] 592814) 592819] 592824) 5192829) 5192834) 6 
848 ]92840| 5192845) 5192850) 592855] 5192860) 5/92865| 5|92870) 5|92875| 692881) 592886) 5 
849 |92891| 5/92896) 5}92901| 5}92906| 592911) 5192916) 5|92921| 692927] 5|92932) 5192937] 5 


OONOOFWNr | 
PP PON NNO | oO 


850 192942) 5192947) 5/92952| 5192957] 5192962) 5/92967) 6|92973) 592978) 5|92983) 5}92988) 5 


No.| ‘O° (di 2° ld} 2° /dl 3 |dl 42 td! Sid) 6 dl 7 iid} 8 dl 8 ia 


249 


TABLE 32 


Logarithms of Numbers 


ea SSS SS SSS SR SS SS I a A SS SESE 


8500-9000 


mR EN SS SS AS ESSE RSA SS RSS ST 


Nowa) di, Ly idl. 25 (dj. 3) \d}. 4) \djs Sie jd], 6 |dl 7. ldie 8) \dh 9 


Prop. parts 


850 192942) 5/92947| 5192952] 5192957) 5192962] 5/92967| 6192973] 5192978) 5/92983] 5|92988 
851 192993) 5192998) 5/93003) 5{93008) 593013} 5/93018) 6193024) 5/93029| 5193034) 5|93039 
852 193044) 5193049} 5]93054) 5193059] 5|93064| 5/93069| 6193075) 5|93080| 5193085) 5]93090 
853 }93095) 5/93100) 593105) 5193110) 593115} 5]93120) 593125] 693131] 5/93136) 593141 
854 193146) 5/93151) 5193156) 5193161) 5193166) 5/93171| 5193176) 5193181] 593186) 693192 


anaaal & 
ior) 


OONAOEPWHr | 
COT R EWN NRE 


855 193197) 5}93202) 5193207) 5193212) 5]93217| 5193222) 5193227] 5/93232) 5193237| 5|93242 
856 193247) 5/93252) 693258) 5193263) 593268) 593273) 593278] 5193283) 5|93288) 5|93293 
857 |93298) 5]93303) 5193308) 5193313) 5}93318] 5]93323] 5193328] 6/93334| 5193339) 5193344 
858 193349) 5193354) 5}93359| 5193364) 5193369) 5193374) 5193379) 5/98384) 5|93389] 5|93394 
859 193399) 593404) 5193409] 5193414| 6193420) 5|93425) 5193430] 5193435] 5193440) 5|93445 


oon or or rt 


860 93450) 593455) 5193460] 5193465) 5}93470| 5193475) 5193480] 5198485] 5|93490) 5|93495 
861 ]93500) 5/93505) 5{93510) 593515} 5/93520| 6193526) 5193531] 5193536] 5193541) 593546 
862 193551) 5)93556) 5{93561) 5193566) 5193571] 5/93576| 593581) 593586] 593591) 5|93596 
863 }93601) 5193606) 5}93611) 593616) 593621) 5}93626| 5|93631) 5|93636) 5193641] 5193646 
864 |93651) 593656) 5}93661)| 593666) 593671] 5193676] 6193682) 5|93687| 5193692) 5193697 


865 |93702) 5]93707| 5193712) 5/93717) 593722! 5)93727| 5193732) 5193737] 5|93742) 593747 
866 193752) 593757) 5}93762| 5/93767) 5193772] 5/93777| 5193782] 5/93787| 5|93792| 5|93797 
867 |93802) 5]93807] 5}93812) 593817) 5]93822| 5}93827| 5193832) 5193837] 5193842) 5193847 
868 193852) 5|93857| 5193862) 5}93867| 5/93872)| 5193877) 5/93882) 5193887) 593892) 5193897 
869 93902) 5{93907| 5}93912)| 593917) 5/93922) 5193927] 5193932) 5193937) 593942) 5|93947 
870 193952) 5/93957| 5193962) 593967] 593972) 5193977] 5193982) 5193987) 5193992) 5193997 
871 94002) 5/94007| 5}94012| 5}94017) 5}94022) 594027) 5194032) 5194037) 5|94042) 5}94047 
872 194052) 5]94057| 5194062) 5|94067| 5194072) 5194077) 5194082) 4194086] 5194091} 594096 
873 |94101} 5/94106) 5]94111} 5194116] 5}94121) 5}94126) 5194131] 5194136] 5194141) 5]94146 
874 194151) 5194156) 5}94161| 5194166] 5}94171) 5}94176] 5194181) 5194186] 5/94191)| 594196 
875 194201) 5/94206| 5194211) 5194216) 5194221) 5/94226) 5194231) 5194236] 4194240) 5/94245 
876 194250) 5194255) 5]94260) 5194265) 5194270) 5194275] 5/94280) 5/94285) 5194290) 594295 
877 |94300) 5/94305) 5}94310} 5194315) 5}94320) 5]94325) 5194330] 5194335) 5]94340| 5/94345 
878 194349) 594354) 5194359) 5194364) 5]94369] 5194374) 5194379] 5194384 5]94389) 5194394 
879 194399) 5}94404| 5}94409) 5)94414| 5}94419| 5}94424) 5/94429| 4194433) 5194438) 5194443 


eae ae 5 |) ees ee 


On 


Oo Ot 


OONMDOP WHF | 
PP PWNNNrO 


880 194448) 5194453) 5194458) 5194463) 5194468) 5194473) 5194478] 5194483) 5/94488) 5194493 
881 194498} 5194503) 4194507) 5194512) 5/94517| 5194522) 5194527) 5194532) 5194537] 5194542 
882 194547) 5194552) 5194557) 5194562) 594567) 4]94571) 594576] 5194581) 5|94586) 594591 
883 194596) 5194601} 5/94606| 5}94611) 594616] 5194621] 5194626] 4194630] 5/94635! 5]94640 
884 194645) 5/94650} 5194655) 5}94660} 5]94665) 594670) 5194675] 5194680 5/94685) 494689 


885 194694) 5/94699| 5194704) 5194709) 5]94714| 5194719) 5194724) 5194729) 5194734] 4/94738 
886 194743 5|94748) 5194753] 594758] 5}94763] 5|94768) 5|94773) 594778) 5194783) 4194787 
887 194792) 5194797| 5194802) 5194807) 5194812) 594817] 5/94822) 5|94827) 5194832) 4194836 
888 |94841) 5194846] 5/94851) 5194856) 5/94861| 594866] 5]94871) 5|94876) 4194880) 5194885 
889 194890} 5}94895| 5]94900) 5}94905) 5194910] 594915) 4/94919) 5194924) 5194929) 5194934 


890 94939) 5}94944| 5194949) 5]94954| 5194959} 4]94963) 5194968) 5194973) 5]94978) 5194983 
891 |94988) 5194993) 5194998] 4195002] 5]95007| 5/9501 2) 5}95017| 5195022) 5|95027| 5195032 
892 195036) 5195041) 5|95046) 5195051) 5}95056) 5195061} 595066) 595071) 4495075) 5|95080 
893 |95085) 5195090) 5195095} 595100} 4195105) 4195109] 595114) 5195119] 5/95124) 595129 
894 195134) 5195139) 4195143) 5/95148| 5/95153} 595158] 5195163} 595168) 595173) 4195177 


on oe 


895 |95182| 5195187] 5195192) 5195197) 5195202) 5}95207| 4/95211| 595216) 595221) 595226 
896 195231) 5|95236| 4195240) 5195245} 5195250} 5195255) 5195260) 5/95265) 595270) 4195274 
897 195279] 5195284) 5195289) 5195294) 5195299} 4195303| 5195308) 5195313) 595318) 595323 
898 ]95328) 4195332) 5195337) 5195342) 5195347| 5195352) 5)95357| 4/95361) 5195366) 5|95371 
899 |95376| 5/95381) 5|95386} 4195390} 5195395] 5{95400} 595405) 595410) 595415) 4195419 


oo Gr Gn 


CONOOFRWNrH | 


900 }95424| 5195429] 5/95434] 5}95439] 5]95444! 4195448) 5195453) 5/95458) 5|95463) 5|95468) 4 
No. Gia tartdy Sy lidl de tdi 4: td Sui ldt Gp rldh TH id) 8h )idp 9 Id 


A a SS SSS SSS SS SS SSS RSE SSS SS SS SS SS 


TABLE 32 


Logarithms of Numbers 


a a a SSS SSS SS SSS SS SSS SS SSS IES 


9000-9500 


d 2 d d 9 d Prop. parts 


5195434 5195468) 4 
3195482 5195516) 5 5 
5195530 5195564| si] | 
4195578 5195612| sl] 1 | 0 
4195626 595660) 5 A ; 
4195674 5195708) sf| 4] 2 
4195722| « 3195756) | 2 | 2 
4195770 3195804] sl} 8 | 3 
5195818 5195852 4|| 7 | 4 
5195866 4]95899| 5 . ji 
5195914 5195947| 5 
4195961 51959951 4 
5}96009 4496042) 5 
5196057 5196090) 5) 
5196104 4196137) 5 
5196152 5196185] 5 
5}96199 5196232) 5 
4196246 5196280) 4 
Hi 5196327] 5) 
5 5196374) 5) 
| 4196388 4196421) 5 

5196431) 4196435 4196468) 5 
5196483 4196515) 5 
596530 4196562] 5 
5|96577 4196609] 5 
5196624 4196656 


4196670 
4196717 
5196764 
5)96811 


4196703 
5|96750 
5196797 
5]96844 
4]96890] & 
5196937 
5196984 
5|97030 
5197077 
5197123 
4497169 
5197216 
5197262 
4197308 


596858 
4196904 
5]96951 
4196997 
5]97044 


4197090 
5197137 
4197183 
5197230 
5|97276 


5]97322 
4197368 
4197414 
4197460 
4197506 
5197548] 4197552 
5197594| 4197598 
5197640] 4197644 
4197685] 5197690 
5197736 


4197354 
4197400 
5197447 
5197493 
5]97539 
5197585 
4197630 
4197676 
5197722 
5197768 


5]97782 


dj 2 


4197813} 5 
Gl) Bs |G 


\ wus EotH | 
RPWWNNNRRO] > 
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TABLE 32 


Logarithms of Numbers 


Ne Pe ae Be es es On ee ere 
9500-10000 


Gl}. “il d| 3 di 6 /Idj/ 7 Id| 8 Iadal 9 Prop. parts 

950 197772) 5197777 | 4197786 4]97795| 5197800; 4197804] 5197809] 4197813 
951 197818) 5197823) 4|< 5197832] 5197841] 497845) 5197850] 5197855) 4197859 
952 |97864| 4197868 4197877 4197886] 5]97891] 5197896] 4197900) 5197905 
953 197909) 5197914 5197923 928] 4197932) 5197937] 497941) 5197946] 4/97950 
954 197955) 4197959} 5197 4197968 5197978] 4197982] 5197987] 4197991) 5197996 
955 |98000} 5198005 5198014 4198023] 5{98028} 4198032) 5198037) 4198041 
956 198046) 4198050 4198059 4198068] 5/98073] 5198078] 4198082) 5198087 
957 |98091) 5198096 5198105 5198114} 4]98118] 5198123} 4]98127) 5198132 
958 |98137| 4]98141 4198150 4198159] 5|98164| 4]98168] <198173] 4]98177 
959 198182) 4198186 4198195 4198204] 5{98209] 598214] 4198218] 5]98223 


COONDOFwnre | 


960 |98227| 5198232 5/98241 5198250) 4/98254! 5]98259| 4]98263] 5]98268 
961 |98272) 598277 5/98286 5198295) 4198299) 5/98304/ 4]98308] 5/98313 
962 198318) 4198322 4198331 4198340) 5198345] 498349] 5/98354/ 498358 
963 |98363) 4|98367 4]98376 4198385] 5/98390) 4198394) 5}98399] 4198403 
964 198408) 4/98412 4498421 4198430) 5]98435) 4]98439| 5]98444| 4]98448 


965 198453) 4198457 4198466) 5]5 4198475) 5]98480} 498484! 5]98489} 4]98493 
966 |98498) 4198502 4498511 4198520) 5198525} 498529] 5]98534! 4]98538 
967 |98543) 4|98547 4]98556 4198565) 5/98570} 4198574) 5/98579] 498583 
968 |98588) 4]98592 4/98601 5]98610) 4198614) 5}98619} 4198623) 5}98628 
969 |98632) 5|98637 5]98646 5198655) 4198659] 5}98664| 4198668] 5}98673 


970 |98677| 5/98682 5}98691 598700 4198704) 5|98709| 4]98713] 4|98717 
971 ]98722) 4|98726 4498735 4198744) 5/98749| 4198753] 5]98758] 4]98762 
972 |98767| 4198771 4198780 5198789) 4198793) 5]98798) 4]98802) 5]98807 
973 |98811| 598816 5/98825 5198834) 4198838] 5]98843} 4]98847) 4]98851 
974 |98856| 4198860 4198869 4198878) 598883] 4198887) 5198892) 4]98896 


98900) 5}98905 5]/98914 598923) 4198927] 5}98932} 4]98936) 5]98941 
98945} 4]98949 498958 4198967) 5]98972) 4198976) 5]98981) 4498985 
7 198989} 5}98994 5/99003 599012) 4199016} 5}99021| 4/99025] 4|99029 
99034! 4/99038 4199047 4199056} 5]99061} 4/99065) 4]99069} 5]99074 
99078) 5199083 5/99092 4199100) 5/99105) 4199109} 5]99114/ 4]99118 


99123) 4)99127 5]99136 599145] 4199149) 5]99154) 4]99158} 4199162 
99167) 4]99171 4199180 4199189) 4199193) 5]99198| 4199202] 5}99207 
99211) 5}99216 4199224 4199233) 5/99238) 4199242) 5199247| 4|99251 
99255] 5}99260 5/99269 4199277) 5)99282) 4199286) 5]99291| 4]99295 
99300) 4199304 599313 5199322) 4199326) 4199330) 5/99335) 4]99339 


99344) 4199348 5199357 599366) 4199370) 4199374) 5199379) 4|99333 
99388) 4199392 5199401 5]99410) 4/99414| 5199419} 4199423) 4199427 
99432) 4199436) 5/9 4199445 599454) 4199458) 5]99463] 4}99467| 4]99471 
99476} 4/99480 5199489 5]99498) 4199502) 4199506) 5]99511) 4)99515 
99520) 4499524 5199533 5199542) 4199546) 4199550) 5}99555| 4199559 


99564] 4499568 5/99577 499585) 5/99590} 4199594) 5}99599| 4]99603 
99607] 5]99612 5/99621 4199629) 5/99634] 4199638) 4199642) 5199647 
99651) 5}99656 4199664 4199673] 4199677) 5]99682| 4]99686| 5}99691 
99695} 4]99699 4]99708 5]99717| 4499721) 5199726] 4]99730| 4499734 
99739} 4499743} 4}¢ 5]99752 4199760) 5/99765) 4199769] 5}99774) 4199778 
99782) 5|99787 4499795 4199804| 4199808) 5}99813} 4199817) 5}99822 
99826) 4199830 4199839 5]99848) 4199852) 4199856) 5/99861| 4499865 
99870} 4)99874 4 5]99883 4199891) 5]99896) 4199900) 4199904) 5}99909 
99913) 4199917 4199926 5199935) 4199939] 5}99944) 4|99948) 4;99952 
99957| 4|99961 5]99970 4199978) 5]99983) 4199987] 4)99991) 5)99996 


00000) 4;00004 4}00013 500022) 4100026) 4100030) 5]00035! 4/00039 


dj 1 dj 3 dj 6 |dj 7 dj 9 


RWWNHNNHEO | = 
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TABLE 33 


Logarithms of Trigonometric Functions 


cos «179° 
v 


1) 
°o 
y 


. 00000 
. 00000 
. 00000 
. 00000 
. 00000 


. 00000 
. 00000 
. 00000 
. 00000 
. 00000 


. 00000 
. 00000 
. 00000 
. 00000 
. 00000 


. 00000 
. 00000 
99999 
~ 99999 
SRRERE 


W99999 
"99999 
. 99999 
99999 
. 99999 


. 99999 
99999 
= 99999 
99999 
709998 


m99998 
4999938 
Ss} 
. 99998 
2 HERS 


LAS es) 
O9098 
» BER 
99997 
» CEE 


OOO G 
ort, 
- 99997 
BOI OG 
299996 


. 99996 
. 99996 
. 99996 
. 99996 
199996 


. 99995 
. 99995 
. 99995 
. 99995 
. 99995 
99994 
. 99994 
. 99994 
99994 
. 99994 
99993 


. 538627 
. 23524 
. 05915 
. 93421 


. 83730 
. 75812 
. 69118 
. 63318 
. 58203 


. 53627 
. 49488 
. 45709 
. 42233 
. 89014 


. 36018 
. 33215 
. 80582 
. 28100 
. 25752 


. 23524 
. 21405 
. 19385 
. 17454 
. 15606 


. 13833 
. 12129 
. 10490 
. 08911 
: 07387 
. 05914 
. 04490 
. 03111 
. 01775 
. 00478 


. 99219 
. 97996 
. 96806 
. 95647 
. 94519 


. 93419 
. 92347 
. 91300 
. 90278 
. 89280 


. 88304 
. 87349 
. 86415 
. 85500 
. 84605 


. 83727 
. 82867 
. 82024 
. 81196 
. 80384 


. 79587 
. 78805 
. 78036 
. 77280 
. 76538 
. 75808 


CONDON PWNHO 


FPoocooorcocoocorcoco corooocoooorcqoocooc9“noroocoooooooorccocoecooooocoecoococ5c[e“ 


PlornwaalardMsc 


tan ; sin 


L 
(o 2) 
oe 
° 
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TABLE 33 


Logarithms of Trigonometric Functions 


tan ; cot 


~| ~ = 
o 
v 
mS) 
7 FR 


. 24186 : . 24192 . 75808 |10. 00007 
. 24903 , . 24910 . 75090 . 00007 
. 25609 : . 25616 . 74384 . 00007 
. 26304 : . 26312 . 73688 . 00007 
. 26988 ‘ . 26996 . 73004 . 00008 


. 27661 ; . 27669 . 72331 110. 00008 
. 28324 : . 28332 , . 71668 . 00008 
. 28977 : . 28986 . 71014 . 00008 
. 29621 : . 29629 . 70371 . 00008 
. 80255 : . 30263 . 69737 . 00009 


. 80879 : . 30888 . 69112 10. 00009 
. 81495 : . 81505 . 68495 . 00009 
. 32103 F . 82112 . 67888 . 00010 
. 82702 : . 32711 . 67289 . 00010 
. 83292 , f . 33302 . 66698 . 00010 
. 83875 ‘ . 33886 . 66114 10. 00010 
. 34450 : . 34461 . 65539 . 00011 
. 85018 F . 35029 . 64971 . 00011 
. 35578 ‘ . 835590 . 64410 . 00011 
. 86131 ; . 86143 . 63857 . 00011 


. 36678 : . 36689 . 63311 |10. 00012 
. 37217 : . 37229 . 62771 . 90012 
. 87750 5 . 37762 . 62238 . 00012 
. 38276 : . 88289 . 61711 . 00013 
. 88796 : . 38809 . 61191 . 00013 


. 89310 : . 89323 . 60677 }10. 00013 
. 89818 : . 89832 . 60168 . 00014 
. 40320 ‘ . 40334 . 59666 . 00014 
. 40816 i . 40830 | | . 69170 . 00014 
. 41307 ‘ : . 41321 . 58679 . 00015 


. 41792 3 . 41807 . 68193 . 00015 
. 42272 3 . 42287 . 57713 . 00015 
. 42746 ; . 42762 . 57238 . 00016 
. 43216 ‘ . 43232 . 56768 . 00016 
. 43680 ! . 43696 . 56304 . 00016 


. 44139 : . 44156 . 55844 . 00017 
. 44594 ; . 44611 . 55389 . 00017 
. 45044 ; . 45061 . 54939 . 00017 
. 45489 : . 45507 . 54493 . 00018 
. 45930 ; . 45948 . 54052 . 00018 


. 46366 : . 46385 . 53615 . 00018 
. 46799 y . 46817 . 53183 . 00019 
. 47226 : . 47245 . 52755 . 00019 
. 47650 ; . 47669 . 62331 . 00019 
. 48069 : . 48089 . 61911 . 00020 


. 48485 ! . 48505 . 51495 . 00020 
. 48896 f . 48917 . 51083 . 00021 
. 49304 : . 49325 . 50675 . 00021 
. 49708 f . 49729 . 50271 . 00021 
. 50108 shee . 50130 . 49870 . 00022 


. 50504 ; . 50527 . 49473 . 00022 
. 50897 c : . 50920 . 49080 . 00023 
. 61287 : . 61310 . 48690 . 00023 
. 51673 : . 51696 . 48304 . 00023 
. 52055 ; . 52079 . 47921 . 00024 


. 52434 : . 52459 . 47541 . 00024 
. 52810 ; . 52835 . 47165 . 00025 
. 53183 ; . 538208 . 46792 . 00025 
. 53552 : . 58578 . 46422 . 00026 
. 53919 5 . 538945 . 46055 . 00026 
. 54282 ; . 54308 ; . 45692 . 00026 


DMONIMDAPWNrHO 


Plornwpnaa-100 


SOOrFOrF OFOCOF OKFOOF OFROCOH COOrFRCO KFOORKO OHOOrF OCOORrFOCOCKHODOOr COOrO OFOCSoOO Oe oOOO 


cos F cot ; tan csc 


t 
io.) 
io 2) 
° 
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TABLE 33 
Logarithms of Trigonometric Functions 

2°» sin i csc tan De cot sec ae cos «177° 
v v 
0 8. 54282 360 11. 45718 | 8. 54308 361 11. 45692 |10. 00026 1 9. 99974 60 
1 54642 357 . 45358 54669 358 . 45331 . 00027 0 99973 59 
2 . 54999 355 . 45001 - BUNS 355 . 44973 . 00027 1 99973 58 
3 . 65354 351 . 44646 . 55382 352 . 44618 . 00028 0 99972 0, 
4 . 55705 349 . 44295 . 55734 349 . 44266 . 00028 1 99972 56 
5 8. 56054 346 11. 48946 | 8. 56083 346 11. 48917 |10. 00029 0 9. 99971 55 
6 . 56400 343 . 438600 . 56429 344 . 43571 . 00029 1 99971 54 
7 . 566743 34] . 438257 HOOV LS 341 E43227 . 00030 0 99970 3 
8 . 57084 337 . 42916 . 57114 338 . 42886 . 00030 1 99970 52 
9 . 57421 336 . 42579 857452 336 . 42548 . 00031 0 99969 51 
10 8. 57757 339 11. 42243 | 8. 57788 333 11. 42212 }10. 00031 1 9. 99969 50 
Wal . 58089 330 . 41911 . 68121 330 . 41879 . 00032 0 99968 49 
12 . 58419 398 . 41581 . 58451 398 . 41549 . 00032 1 99968 48 
13 . 58747 395 . 41253 . 58779 396 . 41221 . 00033 0 99967 47 
14 . 59072 393 . 40928 . 59105 393 . 40895 . 00033 0 99967 46 
a5 8. 59395 320 11. 40605 | 8. 59428 321 11. 40572 410. 00033 1 9. 99967 45 
16 . 69715 318 . 40285 . 59749 319 . 40251 . 00034 0 99966 44 
bef . 60033 316 . 89967 . 60068 316 . 89932 . 00034 1 99966 43 
18 . 60349 313 . 89651 . 60384 314 . 89616 . 00035 1 99965 42 
19 . 60662 311 . 89338 . 60698 311 . 89302 . 00036 0 99964 41 
20 8. 60973 309 11. 39027 | 8. 61009 310 11. 38991 }10. 00036 1 9. 99964 40 
21 . 61282 307 38718 . 613819 307 38681 . 00037 0 99963 39 
22 61589 305 38411 . 61626 305 38374 . 00037 1 99963 38 
23 61894 302 38106 . 61931 303 38069 00038 0 99962 37 
24 62196 301 37804 . 62234 301 37766 00038 1 99962 36 
25 8. 62497 298 11. 375038 | 8. 62535 299 11. 37465 |10. 00039 0 9. 99961 35 
26 62795 296 37205 62834 207 37166 . 00039 1 99961 34 
ait 63091 294 36909 . 63131 295 36869 . 00040 0 99960 33 
28 63385 293 36615 . 638426 292 36574 . 00040 1 99960 32 
29 63678 290 36322 . 638718 291 36282 00041 0 99959 31 
30 8. 63968 288 11. 36032 | 8. 64009 289 11. 35991 410. 00041 1 9. 99959 30 
aul . 64256 287 35744 64298 287 35702 00042 0 99958 29 
32 . 64543 284 35457 64585 285 35415 00042 1 99958 28 
333) . 64827 283 35173 64870 284 35130 00043 1 99957 PAT 
34 . 65110 281 34890 65154 281 34846 00044 0 99956 26 
35 8. 65391 279 11. 34609 | 8. 65435 220 11. 34565 ]10. 00044 1 9. 99956 25 
36 . 65670 277 . 84330 65715 278 34285 00045 0 99955 24 
Si0/ 65947 276 . 84053 65993 276 34007 00045 1 99955 23 
38 66223 274 = OLE 66269 O74 Solow 00046 0 99954 22 
39 66497 272 33503 66543 273 33457 00046 1 99954 Pall 
40 8. 66769 270 11. 83231 | 8. 66816 271 11. 33184 |10. 00047 1 9. 99953 20 
41 67039 269 32961 . 67087 269 . 82913 . 00048 0 99952 19 
42 67308 267 32692 67356 268 32644 . 00048 1 99952 18 
43 67575 266 32425 67624 266 32376 00049 0 99951 iz 
44 67841 263 32159 67890 264 32110 00049 1 99951 16 
45 8. 68104 263 11. 81896 | 8. 68154 263 11. 31846 |10. 00050 1 9. 99950 15 
46 68367 260 . 81633 68417 261 31583 . 00051 0 99949 14 
47 68627 259 313873 68678 260 31322 . 00051 1 99949 13 
48 68886 258 . 31114 68938 258 31062 . 00052 0 99948 12 
49 69144 256 . 80856 69196 257 30804 . 00052 1 99948 11 
50 8. 69400 254 11. 830600 | 8. 69453 255 11. 80547 |10. 00053 1 9. 99947 10 
51 69654 253 . 80346 69708 254 30292 . 00054 0 99946 9 
52 69907 252 . 800938 . 69962 252 30038 . 00054 1 99946 8 
53 70159 250 . 29841 . 70214 251 29786 . 00055 1 99945 ai 

54 70409 249 29591 . 70465 249 29535 00056 0 99944 6 
55 8. 70658 247 11. 29342 | 8. 70714 248 11. 29286 |10. 00056 1 9. 99944 5 
56 . 70905 246 . 29095 70962 246 .. 29038 . 00057 1 99943 4 
57 Sat 244 . 28849 71208 245 28792 . 00058 0 99942 3 
58 7 1395 243 . 28605 71453 244 28547 . 00058 1 99942 2 
59 . 716388 242 . 28362 . 71697 243 . 28303 . 00059 1 99941 1 
60 8. 71880 11. 28120 | 8. 71940 11. 28060 }10. 00060 9. 99940 0 
; : ie 

92°- cos ne sec cot ie tan csc ae sin <87° 


255 


TABLE 33 
Logarithms of Trigonometric Functions 
La eS Re eS ee ee a ee ee | 
esc tan oi cot sec ere cos +176° 
v 
11. 28120 71940 241 |11- 28060 |{10. 00060 0 9. 99940 60 
27880 72181 239 27819 . 00060 1 . 99940 59 
27641 72420 239 27580 00061 1 . 99939 58 
27403 72659 237 27341 00062 0 . 99938 57 
__. 27166 72896 236 27104 00062 | . 99938 56 
11. 26931 73132 934 |11- 26868 |10. 00063 1 | % 99937 55 
26697 73366 234 26634 00064 0 . 99936 54 
26465 73600 232 26400 00064 1 . 99936 53 
26233 73832 231 26168 00065 1 . 99935 52 
26003 74063 229 25937 00066 0 . 99934 51 
11. 25774 74292 | 999 |11. 25708 10. 00066 | , | 9. 99934 50 
25546 74521 | 9597 25479 00067 1 . 99933 49 
25320 74748 226 25252 00068 0 . 99932 48 
25094 74974 225 25026 00068 | | . 99932 47 
24870 75199 224 24801 00069 | . 99931 46 
11. 24647 75423 922 |11. 24577 |10. 00070 1 | 2 99930 | 45 
24425 75645 | 9599 24355 00071 0 . 99929 44 
24205 75867 220 24133 00071 | | . 99929 43 
23985 76087 219 23913 00072 1 . 99928 42 
23766 76306 | 949 23694 00073 | ; . 99927 41 
11. 23549 76525 | o9)7 |11. 23475 |10. 00074 9 | 2 99926 40 
23333 76742 | 9516 23258 00074 | | . 99926 39 
23117 76958 | 915 23042 00075 | 4 . 99925 38 
22903 77173 | 944 22827 00076 | | . 99924 37 
22690 77387 213 22613 00077 | 6 . 99923 36 
11. 22478 77600 | 94, |11. 22400 10. 00077 | ; | 9. 99923 35 
22267 77811 | 94) 22189 00078 | | . 99922 34 
22057 78022 | 910 21978 00079 | 4 . 99921 33 
21848 78232 | 509 21768 00080 | 9 . 99920 32 
21640 78441 | 508 21559 00080 | j . 99920 31 
11. 21432 78649 | oog |11. 21351 110. 00081 | , | 9. 99919 30 
21226 78855 | 906 21145 00082 | ; . 99918 29 
21021 79061 | 595 20939 00083 0 . 99917 28 
20817 79266 | 904 20734 00083 | ; . 99917 27 
20614 79470 | 993 20530 00084 | | . 99916 26 
11. 20412 79673 | 999 |11. 20327 |10. 00085 | ; | 9. 99915 25 
20211 79875 | 9091 20125 00086 | | . 99914 24 
20010 80076 | 9591 19924 00087 0 . 99913 23 
19811 80277 | J99 19723 00087 | | . 99913 22 
19612 80476 | 198 19524 00088 | | . 99912 21 
11. 19415 80674 | 49g |11. 19326 ]10.00089 | , | 9. 99911 20 
19218 80872 | j096 19128 00090 | . 99910 19 
19022 81068 | 196 18932 00091 | 9 . 99909 18 
18827 81264 | 195 18736 00091 | . 99909 17 
18633 81459 | 494 18541 00092 | ; . 99908 16 
11. 18440 81653 | 493 ‘([11. 18347 }10. 00093 | , | 9. 99907 15 
18248 81846 | j99 18154 00094 | ; . 99906 14 
18056 82038 | 499 17962 00095 | 4 . 99905 13 
17866 82230 | 499 17770 00096 | 9 . 99904 12 
17676 82420 | 490 17580 00096 | ; . 99904 11 
11. 17487 82610 | jg9 11. 17390 |10. 00097 | , 9. 99903 10 
17299 82799 | 399 17201 00098 | j . 99902 9 
17112 82987 | 189 17013 00099 | j . 99901 8 
16925 83175 | 186 16825 00100 | 4 . 99900 7 
16739 83361 | 196 16639 00101 | j . 99899 6 
11. 16554 83547 | 195 |11. 16453 |10. 00102 | 4 9. 99898 5 
16370 83732 | 194 16268 00102 | ; . 99898 4 
16187 83916 | 94 16084 00103 | . 99897 3 
16004 84100 | 189 15900 00104 | 4 . 99896 2 
. 15823 84282 | 199 . 15718 .00105 | 4 . 99895 1 
11. 15642 84464 11. 15536 |10. 00106 |__ 9. 99894 0 
‘ . t 
sec cot me tan csc ee sin <-86° 
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TABLE 33 
Logarithms of Trigonometric Functions 
4°+ sin me csc tan ir cot sec ae cos «175° 
v v 
0) 8. 84358 181 11. 15642 | 8. 84464 182 11. 15536 |10. 00106 1 9. 99894 60 
1 . 84539 179 . 15461 . 84646 180 7 loso4 . 00107 1 . 998938 59 
2 . 84718 179 » £5282 . 84826 180 Louse . 00108 1 . 99892 58 
3 . 84897 178 5 sO . 85006 179 . 14994 . 00109 0 . 99891 57 
4 85075 177 . 14925 . 85185 178 . 14815 . 00109 1 . 99891 56 
5 8. 85252 177 11. 14748 | 8. 85363 177 11. 14637 410. 00110 1 9. 99890 55 
6 . 85429 176 5 TEAL . 85540 177 . 14460 . 00111 1 . 99889 54 
a . 85605 175 . 14895 Solin 176 . 14283 . 00112 1 . 99888 53 
8 . 85780 175 . 14220 . 85893 176 . 14107 . 001138 1 . 99887 oz 
9 . 85955 173 . 14045 . 86069 174 . 13931 . 00114 1 . 99886 51 
10 8. 86128 173 11. 18872 | 8. 86243 174 11. 18757 |10. 00115 1 9. 99885 50 
11 . 86301 173 . 18699 . 86417 174 . 138583 . 00116 1 . 99884 49 
12 . 86474 171 213526 . 86591 172 . 138409 . 00117 1 . 99883 48 
13 . 86645 171 . 138355 . 86763 172 . 18237 . 00118 1 . 99882 47 
14 86816 171 . 18184 . 86935 171 . 13065 . 00119 1 . 99881 46 
15 8. 86987 169 11. 18013 | 8. 87106 171 11. 12894 |10, 00120 1 9. 99880 45 
16 . 87156 169 . 12844 . 87277 170 5 PAPE . 00121 0 . 99879 44 
ibe/ . 87325 169 wL2675 . 87447 169 5 PAS? . 00121 1 . 99879 43 
18 . 87494 167 . 12506 . 87616 169 . 12384 . 00122 1 . 99878 42 
19 . 87661 168 . 12339 . 87785 168 5 PDAs . 00123 1 . 99877 41 
20 8. 87829 166 11. 12171 | 8. 87953 167 11. 12047 |10. 00124 1 9. 99876 40 
21 . 87995 166 . 12005 . 88120 167 . 11880 . 00125 1 . 99875 39 
22 . 88161 165 . 11839 . 88287 166 LAs . 00126 1 . 99874 38 
23 . 88326 164 . 11674 . 88453 165 5 liar . 00127 1 . 99873 Sid 
24 . 88490 164 me Ey KO) . 88618 165 STS82 . 00128 1 . 99872 36 
25 8. 88654 163 11. 11346 | 8. 88783 165 11. 11217 }10. 00129 1 9. 99871 35 
26 . 88817 163 LSS: . 88948 163 . 11052 . 00130 1 . 99870 34 
Da . 88980 162 . 11020 . 89111 163 . 10889 . 00131 1 . 99869 33 
28 . 89142 162 . 10858 . 89274 163 . 10726 . 00132 1 . 99868 on 
29 . 89304 160 . 10696 . 89437 161 . 10563 . 00133 1 . 99867 ail 
30 8. 89464 161 11. 10536 | 8. 89598 162 11. 10402 ]10. 00134 1 9. 99866 30 
31 . 89625 159 . 10375 . 89760 160 . 10240 . 00135 1 . 99865 29 
32 . 89784 159 PO2NG6 . 89920 160 . 10080 . 00136 1 . 99864 28 
33 . 89943 159 . 10057 . 90080 160 . 09920 . 00137 1 . 99863 27 
34 . 90102 158 . 09898 . 90240 159 . 09760 . 00138 1 . 99862 26 
35 8. 90260 157 11. 09740 | 8. 90399 158 11. 09601 10. 00139 1 9. 99861 25 
36 . 90417 157 . 09583 . 90557 158 . 09443 . 00140 1 . 99860 24 
37 . 90574 156 . 09426 . 90715 157 . 09285 . 00141 1 . 99859 23 
38 . 90730 155 . 09270 . 90872 157 . 09128 . 00142 1 . 99858 22 
39 . 90885 155 . 09115 . 91029 156 . 08971 . 001438 1 . 99857 2 
40 8. 91040 155 11. 08960 | 8. 91185 155 11. 08815 410. 00144 1 9. 99856 20 
41 . 91195 154 . 08805 . 91340 155 . 08660 . 00145 1 . 99855 19 
42 . 91349 153 . 08651 . 91495 155 . 08505 . 00146 1 . 99854 18 
43 . 91502 153 . 08498 . 91650 153 . 08350 . 00147 1 . 99853 17 
44 . 91655 152 . 08345 . 91803 154 . 08197 . 00148 1 . 99852 16 
45 8. 91807 152 11. 081938 | 8. 91957 153 11. 08048 |10. 00149 1 9. 99851 NS; 
46 . 91959 151 . 08041 . 92110 152 . 07890 . 00150 2 . 99850 14 
47 . 92110 151 . 07890 . 92262 152 . 07738 . 00152 1 . 99848 1133 
48 . 92261 150 . 07739 . 92414 151 . 07586 . 00153 1 . 99847 12 
49 . 92411 150 . 07589 . 92565 151 . 07435 . 00154 1 . 99846 11 
50 8. 92561 149 11. 07489 | 8. 92716 150 11. 07284 |10. 00155 1 9. 99845 10 
51 . 92710 149 . 07290 . 92866 150 . 07134 . 00156 1 . 99844 9 
52 . 92859 148 . 07141 . 938016 149 . 06984 . 00157 1 . 99843 8 
53 . 93007 147 . 06993 . 93165 148 . 06835 . 00158 1 . 99842 7 
54 . 93154 147 . 06846 . 93313 149 . 06687 . 00159 1 . 99841 6 
HY) 8. 93301 147 11. 06699 | 8. 93462 147 11. 06538 |10. 00160 1 9. 99840 55) 
56 . 93448 146 . 06552 . 93609 147 . 06391 . 00161 1 . 99839 4 
See . 938594 146 . 06406 . 93756 147 . 06244 . 00162 1 . 99838 3 
58 . 938740 145 . 06260 . 93903 146 . 06097 . 00163 1 . 99837 2 
59 . 93885 145 . 06115 . 94049 146 . 05951 . 00164 2 . 99836 1 
60 8. 94030 11. 05970 | 8. 94195 11. 05805 |10. 00166 9. 99834 0 
t : : ; nN 
94°> cos me sec cot Lae tan csc me sin «85° 
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TABLE 33 
Logarithms of Trigonometric Functions 

5s sin Me csc tan vial cot sec ec cos «174° 
¥ y 

0 . 94030 144 11. 05970 | 8. 94195 145 11. 05805 }10. 00166 1 9. 99834 60 

1 . 94174 143 . 05826 . 94340 145 . 05660 . 00167 1 . 99833 59 

2 . 94317 144 . 05683 . 94485 1d . 05515 . 00168 1 . 99832 58 
3 . 94461 142 . 05539 . 94630 143 . 05370 . 00169 1 . 99831 57 
4 . 94603 143 . 05397 . 94773 144 . 05227 . 00170 1 . 99830 56 

5 . 94746 141 11. 05254 | 8. 94917 143 11. 05083 |10. 00171 1 9. 99829 55 

6 . 94887 142 . 05113 . 95060 142 . 04940 . 00172 1 . 99828 54 

7 . 95029 14] . 04971 . 95202 142 . 04798 . 00173 2 . 99827 53 

8 . 95170 140 . 04830 . 95344 142 . 04656 . 00175 1 . 99825 52 

9 . 95310 140 . 04690 . 95486 141 . 04514 . 00176 1 . 99824 51 
10 . 95450 139 11. 04550 | 8. 95627 140 11. 04373 ]10. 00177 1 9. 99823 50 
11 . 95589 139 . 04411 - 95767 141 . 04233 . 00178 1 . 99822 49 
12 . 95728 139 . 04272 . 95908 139 . 04092 . 00179 1 . 99821 48 
13 . 95867 138 . 04133 . 96047 140 . 03953 . 00180 1 . 99820 47 
14 . 96005 138 . 03995 . 96187 138 . 03813 . 00181 — 2 . 99819 46 
15 . 96143 137 11. 03857 | 8. 96325 139 11. 03675 10. 00183 1 jee 99817 45 
16 . 96280 137 . 03720 . 96464 138 . 03536 . 00184 | | . 99816 44 
17 . 96417 136 . 03583 . 96602 137 . 038398 . 00185 1 . 99815 43 
18 . 96553 136 . 03447 . 96739 138 . 03261 . 00186 | | . 99814 42 
19 . 96689 136 . 03311 . 96877 136 . 03123 . 00187 1 . 99813 41 
20 . 96825 135 11. 03175 | 8. 97013 137 11. 02987 }10. 00188 2 9. 99812 40 
21 . 96960 135 . 03040 . 97150 135 . 02850 . 00190 1 . 99810 39 
22 | .97095 | 33, | .02905 | .97285 | j55 | .02715 | .00191 | ; | .99809] 38 
23 . 97229 134 . 02771 . 97421 135 . 02579 . 00192 | | . 99808 37 
24 . 97363 133 . 02637 . 97556 135 . 02444 . 00193 | | . 99807 36 
25 . 97496 133 |L1- 02504 | 8. 97691 134 11. 02309 ]10. 00194 D) 9. 99806 30 
26 . 97629 133 . 02371 . 97825 134 . 02175 POOL9G | 5 4 . 99804 34 
27 . 97762 132 . 02238 . 97959 133 . 02041 . 00197 | 4 . 99803 33 
28 . 97894 132 . 02106 . 98092 133 . 01908 . 00198 | . 99802 32 
29 . 98026 131 . 01974 . 98225 133 01775 . 00199 1 . 99801 31 
30 . 98157 131 |11. 01843 | 8. 98358 132 11. 01642 J10. 00200 2 9 99800 30 
31 . 98288 131 ON 2 . 98490 132 . 01510 . 00202 | 4 . 99798 29 
32 . 98419 130 . 01581 . 98622 131 . 01378 . 00203 | | , 99797 28 
33 . 98549 130 . 01451 . 98753 131 . 01247 . 00204 1 . 99796 27 
34 . 98679 129 . 01321 . 98884 131 . 01116 . 00205 | 95 . 99795 26 
35 . 98808 129 |11. 01192 | 8.99015 130 11. 00985 }10. 00207 | | | 9. 99793 25 
36 . 98937 129 . 01063 . 99145 130 . 00855 . 00208 1 : 99792 24 
37 . 99066 128 . 00934 . 99275 130 . 00725 . 00209 1 ; 99791 23 
38 . 99194 128 . 00806 . 99405 129 . 00595 . 00210 | » : 99790 22 
39 . 99322 128 . 00678 . 99534 128 . 00466 . 00212 1 . 99788 | 21 
40 . 99450 127 11. 00550 | 8. 99662 129 11. 00338 410. 00213 i i). 99787 20 
41 . 99577 127 . 00423 . 99791 128 . 00209 . 00214 1 . 99786 19 
42 . 99704 126 . 00296 | 8. 99919 127 11. 00081 . 00215 | 95 . 99785 18 
43 . 99830 126 . 00170 | 9. 00046 128 10. 99954 . 00217 | 4 . 99783 17 
44 . 99956 126 |11. 00044 . 00174 127 . 99826 . 00218) | . 99782 16 
45 . 00082 125 10. 99918 | 9. 00301 126 10. 99699 }10. 00219 | , 9. 99781 15 
46 . 00207 125 99793 . 00427 126 . 99573 . 00220 2 i 99780 14 
47 . 00332 124 . 99668 . 00553 126 . 99447 . 00222 1 . 99778 13 
48 . 00456 125 . 99544 . 00679 126 . 99321 . 00223 rl . 99777 12 
49 . 00581 123 . 99419 . 00805 125 . 99195 . 00224 | | . 99776 iil 
50 . 00704 124 10. 99296 | 9. 00930 125 10. 99070 }10. 00225 2 9. 99775 10 
51 . 00828 123 9972 . 01055 124 . 98945 . 00227 1 : 99773 a 
52 . 00951 123 . 99049 nOu79 124 . 98821 . 00228 | | . 99772 8 
53 . 01074 122 ', 98926 . 013038 124 . 98697 : 00229 2 : 99771 7 
o4 . 01196 122 . 98804 . 01427 123 . 98573 . 00231 1 . 99769 6 
55 . 01318 122 10. 98682 | 9. 01550 123 10. 98450 }10. 00232 1 9 29768 5 
56 . 01440 121 . 98560 . 01673 123 . 98327 ; 00233 2 : eons 4 
57 . 01561 121 . 98439 . 01796 122 . 98204 . 00235 1 : 99765 3 
58 . 01682 121 . 98318 . 01918 122 . 98082 i 00236 1 ; 20764 2 
59 . 01803 120 . 98197 . 02040 122 . 97960 . 00237 2 . 99763 1 
60 . 01923 10. 98077 | 9. 02162 10. 97838 }|10. 00239 9. 99761 0 
t ; ; iff. A + 

Q5°> cos Dit sec cot is tan csc os sin «4° 


TABLE 33 


Logarithms of Trigonometric Functions 


cos «173° 
¥ 


. 99761 
. 99760 
799799 
. 99757 
. 99756 


. 99755 
. 99753 
. 99752 
. 99751 
. 99749 


. 99748 
99747 
. 99745 
. 99744 
. 99742 


. 99741 
. 99740 
. 99738 
. 99737 
. 99736 


. 99734 
. 99733 
. 99731 
. 99730 
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TABLE 33 


Logarithms of Trigonometric Functions 


Seales in! . 08914 . 91086 . 00325 
. 91308 . 09019 . 90981 . 00326 
. 91205 . 09123 . 90877 . 00328 
. 91103 . 09227 . 90773 . 00330 
. 91001 . 09330 . 90670 . 00331 


. 90899 . 09434 . 90566 . 00333 
. 90798 . 09537 . 90163 . 00334 
. 90696 . 09640 . 90360 . 00336 
. 90595 . 09742 . 90258 . 00337 
. 90494 . 09845 . 90155 . 00339 


. 90394 . 09947 . 90053 . 00341 
. 90293 . 10049 . 89951 . 00342 
. 90193 . 10150 . 89850 . 00344 
. 90093 . 10252 . 89748 . 00345 
. 89994 . 10353 . 89647 . 00347 


. 89894 . 10454 . 89546 . 00349 
. 89795 . 10555 . 89445 . 00350 
. 89696 . 10656 . 89344 . 00352 
. 89598 . 10756 . 89244 . 00353 
. 89499 . 10856 ; . 89144 . 00355 


. 89401 . 10956 . 89044 . 00357 
. 89303 . 11056 . 88944 . 00358 
. 89205 . 11155 . 88845 . 00360 
. 89107 . 11254 . 88746 . 00362 
. 89010 . 11353 . 88647 . 00363 


. 88913 . 11452 . 88548 . 00365 
. 88816 . 11551 . 88449 . 00367 
. 88719 . 11649 . 88351 . 00368 
. 88623 . 11747 . 88253 . 00370 
. 88526 . 11845 . 88155 . 00371 


. 88430 . 11943 . 88057 . 00373 
. 88334 . 12040 . 87960 . 00375 
. 88239 . 12138 . 87862 . 00376 
. 88143 . 12285 . 87765 . 00378 
. 88048 . 12332 . 87668 . 00380 


. 87953 | 9. 12428 . 87572 . 00382 
. 87858 . 12525 . 87475 . 00383 
. 87764 . 12621 . 87379 . 00385 
. 87669 . 12717 . 87283 . 00387 
. 87575 . 12813 . 87187 . 00388 


. 87481 . 12909 . 87091 . 00390 
. 87388 . 13004 . 86996 . 00392 
. 87294 . 13099 . 86901 . 00393 
. 87201 . 13194 . 86806 . 00395 
. 87108 . 13289 . 86711 . 00397 


. 87015 . 13384 . 86616 . 00399 
. 86922 . 13478 . 86522 . 00400 
. 86829 . 18573 . 86427 . 00402 
. 86737 . 13667 ; . 86333 . 00404 
. 86645 . 13761 . 86239 . 00405 


. 86553 . 13854 . 86146 . 00407 
. 86461 . 13948 . 86052 . 00409 
. 86370 . 14041 . 85959 . 00411 
. 86278 . 14134 . 85866 . 00412 
. 86187 . 14227 < . 85773 . 00414 


. 86096 . 14320 . 85680 . 00416 
. 86006 . 14412 . 85588 . 00418 
. 85915 . 14504 . 85496 . 00419 
. 85825 . 14597 . 85403 . 00421 
. 85734 . 14688 . 85312 . 00423 
. 85644 . 14780 . 85220 . 00425 
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. 99593 
. 99591 
. 99589 
. 99588 
. 99586 


9. 99584 
. 99582 
. 99581 
. 99579 
. 99577 
. 99575 
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TABLE 33 
Logarithms of Trigonometric Functions 

8° sin is csc tan ie cot sec ae cos «171° 
4 v 
0 9. 14856 89 10. 85644 . 14780 92 10. 85220 410. 00425 1 9. 99575 60 

] . 14445 90 . 85555 . 14872 91 . 85128 . 00426 9 . 99574 59 

2 . 14535 89 . 85465 . 14963 91 . 85037 . 00428 5) . 99572 58 
3 . 14624 90 . 85376 . 15054 91 . 84946 . 00430 2 . 99570 57 
4 . 14714 89 . 85286 » Lov45 91 . 84855 . 00432 2 . 99568 56 
5 9. 148038 88 10. 85197 . 15236 91 10. 84764 |10. 00434 1 9. 99566 55 

6 . 14891 89 . 85109 loo 90 . 84673 . 00435 5) . 99565 54 

7 14980 89 . 85020 maloalig 91 . 84583 . 00437 ) . 99563 5a 

8 15069 88 . 84931 . 15508 90 . 84492 . 004389 2 . 99561 52 

9 » L557 88 . 84843 . 15598 90 . 84402 . 00441 2 . 99559 51 
10 9. 15245 88 10. 84755 | 9. 15688 89 10. 84312 |10. 00443 1 9. 99557 50 
iit loss 88 . 84667 5 SEER 90 oe DBs} . 00444 2 . 99556 49 
iP. » 15421 87 . 84579 . 15867 89 . 84133 . 00446 2 . 99554 48 
13 . 15508 88 . 84492 . 15956 90 . 84044 . 00448 2 . 99552 47 
14 . 15596 87 . 84404 . 16046 89 . 83954 . 00450 2 . 99550 46 
15 9. 15683 87 10. 84317 | 9. 16135 89 10. 83865 |10. 00452 9 9. 99548 45 
16 lomo 87 . 84230 . 16224 88 . 83776 , 00454 1 . 99546 44 
V7 illaystsyr/ 87 . 84143 . L6312 89 . 83688 . 00455 2 . 99545 43 
18 . 15944 86 . 84056 . 16401 88 . 83599 . 00457 2 . 99543 42 
19 . 16030 86 . 83970 . 16489 88 . 83511 . 00459 2 . 99541 41 
20 9. 16116 87 10. 838884 Wall siv(e/ 88 10. 83423 |10. 00461 2 9. 99539 40 
21 . 16203 86 . 83797 . 16665 88 , SESH . 00463 2 . 99537 39 
up . 16289 85 . 83711 Loos 88 . 83247 . 00465 2 . 99535 38 
23 . 16374 86 . 83626 . 16841 87 . 83159 . 00467 1 . 99533 37 
24 . 16460 85 . 83540 . 16928 88 . 83072 . 00468 2 . 99532 36 
25 9. 16545 86 10. 83455 . 17016 87 10. 82984 }10. 00470 2 9. 99530 35 
26 . 16631 85 . 83369 Os 87 . 82897 . 00472 2 . 99528 34 
27 . 16716 85 . 83284 . 17190 87 . 82810 . 00474 3 . 99526 33 
28 . 16801 85 . 83199 alte Pre 86 mOltLe . 00476 2 . 99524 32 
29 . 16886 84 . 83114 tats? 87 . 82637 . 00478 2 . 99522 31 
30 9. 16970 85 10. 83030 . 17450 86 10. 82550 |10. 00489 2 9. 99520 30 
31 ~ L055 84 . 82945 talvooo 86 . 82464 . 00482 1 . 99518 29 
32 . 17189 84 . 82861 mlesG22 86 . 82378 . 00483 2 . 99517 28 
33 mela2ze 84 . 82777 . 17708 86 . 82292 . 00485 5) . 99515 Piel 
34 ,leXUre 84 . 82693 . 17794 86 . 82206 . 00487 ) . 99513 26 
35 9. 17391 83 10. 82609 . 17880 85 10. 82120 |10. 00489 2 9. 99511 25 
36 plea! 84 . 82526 . 17965 86 . 82035 . 00491 > . 99509 24 
oa /o58 83 . 82442 . 18051 85 . 81949 . 00493 2 . 99507 23 
38 . 17641 83 . 82359 . 18136 85 . 81864 . 00495 2 . 99505 22 
39 lig Pe 83 . 82276 ~ 18221 85 . 81779 . 00497 2 . 99503 21 
40 9. 17807 83 10. 82193 . 18306 85 10. 81694 |10. 00499 9 9. 99501 20 
4] . 17890 83 . 82110 . 18391 84 . 81609 . 00501 ) . 99499 19 
42 . 17973 82 . 82027 . 18475 85 . 81525 . 00503 5) . 99497 18 
43 . 18055 82 . 81945 . 18560 84 . 81440 . 00505 1 . 99495 iy 
44 . 18137 83 . 81863 . 18644 84 . 81356 . 00506 2 . 99494 16 
45 9. 18220 82 10. 81780 . 18728 84 10. 81272 |10. 00508 2 9. 99492 15 
46 . 18302 81 . 81698 . 18812 84 . 81188 . 00510 5) . 99490 14 
47 . 18383 82 . 81617 . 18896 33 . 81104 . 00512 2 . 99488 13 
48 . 18465 82 . 81535 . 18979 84 . 81021 |* . 00514 2 . 99486 12 
49 . 18547 8] . 81453 . 19063 83 . 80937 . 00516 2 , 99484 igi 
50 9. 18628 81 10. 813872 . 19146 83 10. 80854 |10. 00518 2 9. 99482 10 
ol . 18709 81 . 81291 . 19229 83 . 80771 . 00520 2 . 99480 9 
ie . 18790 8] . 81210 LO SAD 83 . 80688 . 00522 2 . 99478 8 
53 . 18871 8] . 81129 . 19395 83 . 80605 . 00524 2 . 99476 G 
54 . 18952 8] . 81048 . 19478 83 . 80522 . 00526 2 . 99474 6 
55 9. 19033 80 10. 80967 . 19561 82 10. 80489 |10. 00528 9 9. 99472 5 
56 . 19113 80 . 80887 . 196438 82 . 80357 . 00530 2 . 99470 4 
Ot . 19193 80 . 80807 . 19725 82 . 80275 . 00532 2 . 99468 3 
58 . 19273 80 . 80727 . 19807 82 . 80193 . 00534 2 . 99466 2 
59 . 19353 80 . 80647 . 19889 82 . 80111 . 00536 2 . 99464 1 
60 9. 19433 10. 80567 . 19971 10. 80029 |10. 00538 9. 99462 0 
t . 5 j t 

QR°> cos ate sec cot a tan csc gts sin «81° 


TABLE 33 
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9°> sin Diff 
1" csc tan Diff ae 7 
7 pe. La sec ie cos «170° 
0 | 9. 19433 
1 80 10. 80567 4 L 
19513 . 19971 i bec 
2 195392 | 29 30487 | .20053 | 82 0. 80029 }10. 00538 ; 
3 19672 | 80 30408 | . 20134 | 83 79947 | . 00540 | 2 9. 99462 | 60 
4 19751 79 . 80328 . 20216 82 . 79866 . 00542 2 . 99460 59 
5 | 9. 19830 79 " g0249 | | 20297 | 8 "79784 | | 00544 | 2 99458 | 58 
6 19909 | 29 10. 80170 | 9.20378| *,  |io. 79703 | .00546| 2 | . node 57 
7 et IGEEN I ah SAD tect 31 |10. 79622 |10. 00548 9 |_-99454 | _56 
8 20067 | 29 - 80012 |. 20540 81 "79541 | . 00550 | 2 9.99452 | 55 
9 onaas |) 688 il 79933 |. 20621 | S | | 79460 | . 00552 5 | -99450] 54 
far lis0ess | o "79855 | . 20701 | 89 "79379 | | 00554 | 2 . 99448 | 53 
11 Soil a MSalnee crac ties cocce 31 |_-.79299 |_. 00556 ake i 
12 esa Cee las 79698 |. 20862 | 89 1079218 |10.00558 | ~ |. 444 | 51 
13 20458 | 28 . 79620 | . 20942 80 . 79138 | . 00560 g | 9. 99442 | 50 
14 20535 ee : 79542 . 21022 80 . 79058 00562 Fp . 99440 49 
a REY TT 79465 | . 21102 | 80 78978 | .00564 | 2 pas 48 
17 2076 77 79309 | . 21261 7g |10. 78818 |10. 00568 2 99434 | 46 
19 20922 77 . 79155 |. 21420 79 . 78659 | . 00573 2 . 99429 | 44 
30 9. 20999 77 . 79078 . 21499 a) : 78580 00575 2 : eet 43 
21 By Taea Cy coord eee rere eT eae sB 0G) MOULIN oe |e La 
23 21229 | 76 "79847 |: 21736 | 22 78343 | . 00581 | 2 9.99421 | 40 
24 21306 | 22 "78771 | .21814| £8 . 78264 | . 00583 Oma ear 39 
ee Oe 79 . 78186 |. 00585 : ‘ooate:| A ay 
26 2 7¢ |10. 78618 | 9. 2 7 100387 9 
27 oe 76 | - 78542] . ee 7g |10. 78029 ]10. 00589 2 Petre 36 
21610 | £6 78466 | .22127| 23 . 77951 |. 00591 Pa fee Bee 35 
21685 75 . 78390 | . 22205 78 . 77873 | . 00598 2 . ie 34 
9, 21761 76 "79315 | | 22283 | 18 . 77795 | . 00596 3 ; ai 33 
31 21836 | 29 10. 78239 | 9. 22361 78 77717 | 00598 | 2 : ee 3 
32 21912 | £6 78164 | .22438 | 24 10. 77639 |10. 00600 2 50400 31 
33 21987 75 . 78088 | . 22516 78 77562 | . 00602 2 .99400 | 30 
34 22062 | 2° "78013 | .22593 | 27 . 77484 | . 00604 Del det aoe 29 
35. | 9. 22137 78 "77938 | 22670 | 22 77407 | . 00606 | 2 | . Sonen 28 
36 92211 | 74 10. 77863 | 9. 22747 77 2 ES) 0060s | 2 : es 27 
37 22286 75 . 77789 , 22824 77 10. 77253 |10. 00610 2 9. 26 
38 22361 | £9 “77714 | _22901 | 20 "77176 | .00612| 2 | . eoece 25 
39 22435 | 24 . 77639 | . 22977 76 “7999 | _00615 | 2 | See 24 
40 | 9. 22509 74 _. 77565 |. 23054 77 . 77023 “00617 | 2 ss 385 23 
- 22583 | /4 fermion onesia01| 10: 76946 | .00619 | 2 | . canes 22 
42 22657 | 24 77417 |. 23206 76 |10. 76870 |10. 00621 af eared 21 
ESN Ra Nati eh Pepe res He © | ecrnr 4g] netoa2s yo" | gay? | 19 
50808 | 74 | ° 97 269 | .23359| /8 | | 76717 | .00625 | 2 | . pea MEPs 
9.20878 | |? io. EY Ih ot REC eta be B|  eeecearl Ra 
22952 | <4 10. 77122 | 9. 23510 75 "76565 | .00630 | 2 | . 99370 is 
47 23025 | £3 . 77048 | . 23586 76  |10. 76490 |10. 00632 2 |-5-99 6 
48 23098 73 . 76975 "93661 75 76414 | . 00634 ® . ae 15 
49 93171 | 13 "76902 | . 23737 | £8 "76339 | .00636 | 2 | - 50364 7 
sor Owiedd| 76829 | | 23812 | 25 "76263 | _ 00638 | 2 | . 99362 13 
50 | 9.28244 | 7, |10. 76756 | 0 23887 reais Neca AES) Seabee 3 |_. 99359 if 
a gaa00 | 23 . 76683 | . 23962 zs |10. 76113 |10. 00643 9, 99357 : 
53 23462 | 22 “76610 | | 24037 | 22 “76038 | . 00645 | 2 i 10 
54 23535 | 23 "76538 | .24112| 2° 75963 | .00647 | 2 90353 
55 | 9. 23607 72 76465 | .24186 | /2 ee ‘00649 | 2 | | 99351 8 
SOM ek IE al cea etl | Lett fi A eat be 3 | 99348 z 
Boh bee ee Re bomen || eee ar OEE Se 9.99346 | 5 
58 23823 | 2! "76248 | |24410| 25 | 75665 | .00656 | 2 | . ee a 
59 23895 | 22 “76177 | . 24484 | 24 ‘75590 | _00658 | 2 | . 99342 4 
t - 10. 76033 . 24632 74 . 75442 00663 8 : Rohae 2 
Q9o> cos Diff. é 10. 75368 |10. 00665 |_? | 9. 99335 0 
1 sec cot Diff 4 
i tan ese | Diff. t 
il <8()° 
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TABLE 33 
Logarithms of Trigonometric Functions 

10°> sin me esc tan Die cot sec is cos «169° 
v ¥ 
0 | 9. 23967 79 10. 76033 | 9. 24632 74 10. 75368 }10. 00665 2 9. 99335 60 
1 . 24039 71 . 75961 . 24706 73 . 75294 . 00667 2 . 99333 59 
2 . 24110 71 . 75890 . 24779 74 . 76221 . 00669 3 . 99331 58 
3 . 24181 79 . 75819 . 248538 73 . 75147 . 00672 2 . 99328 57 
4 . 24253 ral . T5747 . 24926 74 . 75074 . 00674 2 . 99326 56 
5 | 9. 24324 71 ‘{10. 75676 . 25000 10. 75000 410. 00676 9 | 9 99324 55 
6 . 24395 71 . 75605 . 25073 73 . 74927 . 00678 3 . 99322 54 
2 . 24466 70 . 75534 . 25146 73 . 74854 . 00681 2 . 99319 53 
8 . 24536 71 . 75464 . 25219 73 . 74781 . 00683 2 . 99317 De 
9 . 24607 70 . 753893 . 25292 73 . 74708 . 00685 5) . 99315 yl 
10 | 9. 24677 71 10. 75323 | 9. 25365 79 10. 74635 }10. 00687 3 9. 99313 50 
11 . 24748 70 . 16252 . 25437 73 . 74563 . 00690 9 . 99310 49 
12 . 24818 20 . 75182 . 25510 79 . 74490 . 00692 9 . 99308 48 
13 . 24888 70 (ol? . 25582 73 . 74418 . 00694 2 . 99306 47 
p14 . 24958 7 . 75042 . 25655 75 . 743845 . 00696 3 . 99304 46 
15 | 9. 25028 79 (|10. 74972 | 9. 25727 79 10. 74273 }10. 00699 2 | 9% 99301 45 
16 . 25098 70 . 74902 . 25799 S . 74201 ~OOTOI | 5 . 99299 44 
es . 25168 69 . 74832 . 25871 79 . 74129 . 00703 3 . 99297 43 
18 . 25237 70 . 74763 . 25948 79 . 74057 . 00706 2 . 99294 42 
19 . 25307 69 . 74693 . 26015 ral . 73985 . 00708 2 . 99292 41 
20 | 9. 25376 69 (| 10. 74624 . 26086 79 10. 73914 }10. 00710 9 | 9 99290 40 
2 . 25445 69 . 74555 . 26158 ral . 73842 . 00712 3 . 99288 39 
22 . 25514 69 . 74486 . 26229 79 2 Cail . 00715 2 . 99285 38 
23 . 25583 69 . 74417 . 26301 m1 . 73699 . 00717 2 . 99283 37 
24 . 25652 69 . 74348 , 26372 71 . 73628 . 00719 3 . 99281 36 
25 | 9. 25721 69 (| 10. 74279 | 9. 26443 71 10. 73557 ]10. 00722 | , | 9. 99278 35 
26 . 25790 68 . 74210 . 26514 val . 73486 . 00724 | 5 . 99276 34 
Pai . 25858 69 . 74142 . 26585 70 . 73415 . 00726 3 . 99274 33 
28 . 25927 68 . 74073 . 26655 val . 73345 . 00729 5) . 99271 32 
29 . 25995 68 . 74005 . 26726 71 . 73274 . 00731 2 . 99269 31 
30 | 9. 26063 68 10. 73937 . 26797 70 10. 73203 410. 00733 3 9. 99267 30 
31 . 26131 68 . 73869 . 26867 70 . 731383 . 00736 2 . 99264 29 
32 . 26199 68 . 73801 . 26937 ral . 73063 . 00738 2 . 99262 28 
33 . 26267 68 . 73733 . 27008 70 . 72992 . 00740 3 . 99260 27 
34 . 26335 68 . 73665 . 27078 70 72922 . 00743 2 . 99257 26 
35 | 9. 26403 67 10. 73597 . 27148 20 10. 72852 }10. 00745 3 9. 99255 25 
36 . 26470 68 . 73530 . 27218 70 . 72782 . 00748 2 . 99252 24 
37 . 26538 67 . 73462 . 27288 69 5 ee: . 00750 ) . 99250 23 
38 . 26605 67 . 73395 . 273857 70 . 726438 . 00752 3 . 99248 22 
39 . 26672 67 . 73328 . 27427 69 . 72573 . 00755 2 . 99245 21 
40 | 9. 26739 67 10. 73261 . 27496 70 10. 72504 }10. 00757 q | % 99243 20 
Al . 26806 = . 73194 . 27566 69 . 72434 . 00759 3 . 99241 19 
42 . 26873 67 Nol 27 . 27635 69 . 72365 . 00762 2 . 99238 18 
43 . 26940 67 . 73060 . 27704 69 . 72296 . 00764 3 . 99236 ile 
44 . 27007 66 . 72993 2201713 69 702227 00767 | 5 . 99233 16 
45 | 9. 27073 67 10. 72927 . 27842 69 10. 72158 |10. 00769 | 5 | 9. 99231 15 
46 . 27140 66 . 72860 . 27911 69 . 72089 . 00771 3 . 99229 14 
47 . 27206 67 . 72794 . 27980 69 72020 . 00774 | 5 . 99226 13 
48 . 27273 66 eT, . 28049 68 . 71951 . 00776 3 . 99224 12 
49 . 27339 66 . 72661 . 28117 69 . 71883 00779 | 5 . 99221 11 
50 | 9. 27405 66 10. 72595 | 9. 28186 68 10. 71814 |10. 00781 Q | 9% 99219 10 
51 . 27471 66 . 72529 . 28254 69 . 71746 . 00783 3 . 99217 9 
52 5 HES 65 . 72463 . 28323 68 . 71677 . 00786 2 . 99214 8 
53 . 27602 66 . 72398 . 28391 68 . 71609 . 00788 3 . 99212 i 
54 . 27668 66 . (2332 . 28459 68 . 71541 . 00791 | 5 . 99209 6 
55 | 9. 27734 65 10. 72266 . 28527 68 10. 71473 }10. 00793 3 9. 99207 5 
56 . 27799 65 . 72201 . 28595 67 . 71405 . 00796 | 5 . 99204 4 
57 . 27864 66 . 72136 . 28662 68 . 71338 . 00798 | 5 . 99202 3 
58 . 27930 65 . 72070 . 28730 68 . 71270 . 00800 3 . 99200 2 
59 . 27995 65 . 72005 . 28798 67 . 71202 . 00803 | 5 . 99197 1 
60 | 9. 28060 10. 71940 . 28865 “  |10. 71135 |10. 00805 9. 99195 0 
t . : : t 

100°> cos aa sec cot cee tan csc a sin <79° 
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5 ‘ ; 
13 ee tan ee cot : cos -166° 
v v 
r 9. 836336 58 10. 68664 410. 01128 3 9. 98872 60 
. 86394 58 . 638606 . 01131 9 . 98869 59 
. 86452 57 . 63548 , 011338 3 . 98867 58 
3 . 86509 57 . 63491 . 01136 3 . 98864 Dil 
4 . 86566 58 . 68434 . 01139 3 . 98861 56 
5 9. 36624 57 10. 68376 |10. 01142 3 9. 98858 55 
2 . 36681 57 . 68319 . 01145 3 . 98855 54 
. 86738 57 . 63262 . 01148 3 . 98852 53 
8 . 86795 57 . 68205 . 01151 3 . 98849 62 
9 . 836852 57 . 63148 . 01154 3 . 98846 51 
9. 36909 57 10. 68091 }10. 01157 3 9. 98843 50 
. 36966 57 . 63034 . 01160 3 . 98840 49 
. 37023 57 . 62977 . 01163 3 . 98837 48 
. 37080 57 . 62920 . 01166 3 . 98834 47 
od lon 56 . 62863 . 01169 3 . 98831 46 
9. 37193 57 10. 62807 |10. 01172 3 9. 98828 45 
. 87250 56 . 62750 MOUNTS 3 . 98825 44 
. 37306 57 . 62694 . 01178 3 . 98822 43 
1 OS} 56 . 62637 . 01181 3 . 98819 42 
. 87419 57 . 62581 . 01184 3 . 98816 41 
9. 37476 56 10. 62524 J10. 01187 3 9. 98813 40 
5 DE 56 . 62468 . 01190 3 . 98810 39 
. 87588 56 . 62412 . 01193 3 . 98807 38 
. 37644 5G . 62356 . 01196 3 . 98804 37 
. 37700 56 . 62300 . 01199 3 . 98801 36 
9. 37756 56 10. 62244 |10. 01202 3 9. 98798 35 
. 87812 56 . 62188 . 01205 3 . 98795 34 
. 37868 56 . 62132 . 01208 3 . 98792 33 
. 87924 56 . 62076 SOLZT1 3 . 98789 32 
. 87980 5S . 62020 . 01214 3 . 98786 31 
9. 380385 56 10. 61965 |10. 01217 3 9. 98783 30 
. 88091 56 . 61909 . 01220 3 . 98780 29 
. 38147 55 . 61853 . 01223 3 . 98777 28 
. 38202 5 . 61798 . 01226 3 . 98774 27. 
. 38257 56 . 61743 . 01229 3 . 98771 26 
9. 38313 55 10. 61687 ]10. 01232 3 9. 98768 25 
. 38368 55 . 61632 . 01235 3 . 98765 24 
. 88423 56 . 61577 . 01238 3 . 98762 23 
. 88479 55 . 61521 . 01241 3 . 98759 22 
. 88534 55 . 61466 . 01244 3 . 98756 Zi 
9. 38589 55 10. 61411 |10. 01247 3 9. 98753 20 
. 88644 5B . 61356 . 01250 4 . 98750 19 
. 88699 55 . 613801 . 01254 3 . 98746 18 
. 88754 54 . 61246 POLS 7. 3 . 987438 ie? 
. 38808 55 . 61192 . 01260 3 . 98740 16 
9. 38863 55 10. 61137 |10. 01263 3 9. 98737 15 
. 38918 54 . 61082 . 01266 3 . 98734 14 
. 838972 55 . 61028 . 01269 3 . 98731 13 
. 39027 55 . 60973 . 01272 3 . 98728 12 
. 39082 54 . 60918 . 01275 3 . 98725 11 
9. 39136 5A 10. 60864 J10. 01278 3 9. 98722 10 
. 39190 55 . 60810 . 01281 4 . 98719 9 
. 89245 54 . 60755 . 01285 3 . 98715 8 
. 89299 5A . 60701 . 01288 3 . 98712 7 
. 39353 5A . 60647 . 01291 3 . 98709 6 
9. 39407 54 10. 60593 410. 01294 3 9. 98706 5 
. 39461 54 . 60539 . 01297 3 . 98703 4 
. 89515 54 . 60485 . 01300 3 . 98700 3 
. 89569 5A . 60431 . 01303 3 . 98697 2 
. 39623 5 4 . 60377 . 01306 4 . 98694 1 
9, 39677 st 10. 60323 |10. 01310 9. 98690 0 
: t 
Diff a sin <76° 
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. 98548 
. 98545 
. 98541 
. 98538 
. 98535 
. 98531 


. 98528 
. 98525 
- 98521 
. 98518 
. 98515 
. 98511 
. 98508 
. 98505 
. 98501 
. 98498 
. 98494 
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TABLE 33 


Logarithms of Trigonometric Functions 


tan ; cot 


. 41300 : . 42805 . 57195 . 01506 
. 41347 i . 42856 . 57144 . 01509 
. 41394 ‘ . 42906 . 57094 . 01512 
. 41441 P . 42957 . 57043 . 01516 
. 41488 < . 43007 . 56993 . 01519 


. 41535 ' . 43057 . 66943 . 01523 
. 41582 3 F . 43108 . 56892 . 01526 
- 41628 ‘ . 43158 . 56842 . 01529 
. 41675 : y . 43208 . 56792 . 01533 
. 41722 F . 43258 . 56742 . 01536 


. 41768 } . 43308 . 56692 . 01540 
. 41815 5; é . 43358 . 56642 . 01548 
. 41861 5 : . 43408 . 56592 . 01547 
. 41908 ‘ . 43458 . 56542 . 01550 
. 41954 ; . 43508 . 56492 . 01553 


. 42001 ; . 48558 . 56442 . 01557 , 98443 
. 42047 : . 43607 . 56393 . 01560 | | . 98440 
. 42093 ‘ . 43657 . 56343 . 01564 . 98436 
. 42140 ‘ . 43707 . 56293 . 01567 . 98433 
. 42186 : . 43756 . 56244 . 01571 . 98429 
. 42232 i . 48806 . 56194 . 01574 . 98426 
. 42278 : . 43855 . 56145 . 01578 . 98422 
. 42324 ‘ . 43905 . 56095 . 01581 . 98419 
. 42370 P . 43954 . 56046 . 01585 . $8415 
. 42416 : . 44004 . 55996 . 01588 . 98412 


. 42461 . 44053 . 55947 . O1591 . 98409 
. 42507 ; . 44102 . 95898 . 01595 . 98405 
. 42553 ; . 44151 . 55849 .01598 | | . 98402 
. 42599 ; . 57 . 44201 . 55799 . 01602 . 98398 
. 42644 : . 44250 . 55750 . 01605 . 98395 


. 42690 : . 44299 . 55701 . 01609 . 98391 
. 42735 3 . 44348 . 55652 . 01612 . 98388 
. 42781 : . 44397 . 55603 . 01616 . 98384 
. 42826 ; . 44446 . 65554 . 01619 . 98381 
. 42872 : . 44495 . 55505 . 01623 . 98377 
. 42917 : . 44544 . 65456 . 01627 . 98373 
. 42962 j . 44592 . 55408 . 01630 . 98370 
. 43008 , . 44641 . 55359 . 01634 . 98366 
. 438053 : . 44690 . 65310 . 01637 . 98363 
. 48098 ; . 44738 . 55262 . 01641 . 98359 


. 43143 j . 44787 . 55213 . 01644 . 98356 
. 43188 , . 44836 . 65164 . 01648 . 98352 
. 43233 : . 44884 . 95116 . 01651 . 98349 
. 43278 oi ‘ . 44933 . 55067 . 01655 . 98345 
. 43323 ; . 44981 . 55019 . 01658 . 98342 


. 43367 ; . 45029 . 64971 . 01662 . 98338 
. 48412 . . 45078 . 54922 . 01666 . 98334 
. 43457 ; . 45126 . 54874 . 01669 . 98331 
. 43502 , . 45174 . 54826 . 01673 . 98327 
. 43546 : . 45222 . 54778 . 01676 . 98324 


. 43591 L . 45271 . 94729 . 01680 . 98320 
. 48635 y : . 45319 . 54681 . 01683 . 98317 
. 43680 ; . 45367 . 54633 . 01687 . 98313 
. 438724 5 . 45415 . 54585 . 01691 . 98309 
. 43769 ; . 45463 . 54537 . 01694 . 98306 


. 43813 ) . 45511 . 54489 . 01698 . 98302 
. 438857 5 . 45559 . 64441 . 01701 . 98299 
. 43901 ‘ . 45606 . 543894 . 01705 . 98295 
. 48946 : . 45654 . 54346 . 01709 . 98291 
. 43990 : . 45702 . 54298 . 01712 . 98288 
. 44034 0. . 45750 . 54250 . 01716 . 98284 
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TABLE 33 
Logarithms of Trigonometric Functions 
16°> sin i csc tan vin cot sec is cos «163° 

y v 
0 | 9. 44034 44 |10. 55966 | 9.45750 | 47 |10. 54250 10. 01716 | 3 | 9%. 98284 60 

1 . 44078 44 55922 | . 45797 | 48 . 54203 | .01719 | 4 . 98281 59 
2 . 44122 Ti . 55878 | . 45845 | 47 . 54155 | . 01723 | 4 . 98277 58 
3 . 44166 44 . 55834 . 45892 48 . 54108 . 01727 3 . 98273 ve 
4 . 44210 43 . 55790 . 45940 47 . 54060 . 01730 4 . 98270 56 
5 | 9. 44253 44 10. 55747 | 9. 45987 4g 10. 54013 }10. 01734 | 4 | 9. 98266 55 
6 . 44297 44 . 55703 . 46035 47 . 53965 . 01738 3 . 98262 54 
a . 44341 4A . 55659 . 46082 48 . 53918 . 01741 A . 98259 53 
8 . 44385 43 - 55615 | . 46130 | 47 . 53870 | .01745 | 4 . 98255 52 
9 . 44428 44 . 55572 . 46177 47 . 53823 . 01749 3 . 98251 51 
10 9. 44472 44 10. 55528 | 9. 46224 47 10. 53776 |10. 01752 4 9. 98248 50 
11 . 44516 43 . 55484 . 46271 48 . 538729 . 01756 4 . 98244 49 
12 . 44559 43 . 55441 . 46319 47 . 53681 . 01760 3 . 98240 48 
13 . 44602 44 . 553898 . 46366 47 . 53634 . 01763 4 . 98237 47 
14 . 44646 43 . 55354 . 46413 47 . 53587 . 01767 4 . 98233 46 
15 9. 44689 44 10. 55311 | 9. 46460 47 10. 58540 }10. 01771 3 9. 98229 45 
16 . 44733 43 . 65267 . 46507 47 . 53493 . 01774 4 . 98226 44 
Ie . 44776 43 . 65224 . 46554 47 . 538446 . 01778 4 . 98222 43 
18 . 44819 43 . 55181 . 46601 47 . 53399 . 01782 3 . 98218 42 
19 . 44862 43 . 55138 . 46648 46 . 538352 . 01785 4 . 98215 41 
20 9. 44905 43 10. 55095 | 9. 46694 47 10. 53306 |10. 01789 4 9. 98211 40 
21 . 44948 rn . 55052 . 46741 47 . 538259 . 01793 3 . 98207 39 
22 . 44992 43 . 55008 . 46788 47 . 638212 . 01796 i . 98204 38 
23 . 45035 42 . 54965 . 46835 46 . 63165 . 01800 4 . 98200 37 
24 . 45077 43 . 54923 . 46881 47 . 53119 |. 01804 ri . 98196 36 
25 9. 45120 43 10. 54880 | 9. 46928 47 10. 538072 |10. 01808 3 9. 98192 35 
26 . 45163 43 . 54837 . 46975 46 . 638025 . 01811 4 . 98189 34 
27 . 45206 43 . 54794 . 47021 47 . 52979 . 01815 4 . 98185 33 
28 . 45249 43 . 64751 . 47068 46 . 52932 . 01819 4 . 98181 32 
29 . 45292 42 . 54708 . 47114 He | ase 52886 . 01823 3 . 98177 31 
30 9. 45334 43 10. 54666 | 9. 47160 47 10. 52840 |10. 01826 A 9. 98174 30 
31 . 45377 42 . 54623 . 47207 46 . 52793 . 01830 4 . 98170 29 
32 . 45419 43 . 54581 . 47253 46 . 52747 . 01834 4 . 98166 28 
33 . 45462 42 . 54538 . 47299 47 . 62701 - 01838 3 . 98162 27 
34 . 45504 43 . 54496 . 47346 46 . 52654 . 01841 4 . 98159 26 
35 9. 45547 42 10. 54453 | 9. 47392 46 10. 52608 }10. 01845 4 9. 98155 25 
36 . 45589 43 . 54411 . 47438 46 . 62562 . 01849 4 . 98151 24 
37 . 45632 42 . 54368 . 47484 46 . 62516 . 01853 3 . 98147 23 
38 . 45674 42 . 54326 . 47530 46 . 52470 . 01856 4 . 98144 22 
39 . 45716 42 . 54284 . 47576 46 . 52424 . 01860 4 . 98140 21 
40 9. 45758 43 10. 54242 | 9. 47622 46 10. 52378 }10. 01864 4 9. 98136 20 
41 . 45801 42 . 54199 . 47668 46 . 62332 . 01868 3 . 98132 19 
42 . 45843 42 . 54157 . 47714 46 . 52286 . 01871 4 . 98129 18 
43 . 45885 42 . 54115 . 47760 46 . 52240 . 01875 4 . 98125 iG 
44 . 45927 42 . 54073 . 47806 46 . 52194 . 01879 4 . 98121 16 
45 9. 45969 42 10. 54031 | 9. 47852 45 10. 52148 |10. 01883 4 9. 98117 15 
46 . 46011 42 . 53989 . 47897 46 . 562103 . 01887 3 . 98113 14 
47 . 46053 42 . 538947 . 47943 46 . 52057 . 01890 4 . 98110 13 
48 . 46095 4] . 53905 . 47989 46 . 52011 . 01894 4 . 98106 12 
49 . 46136 42 . 53864 . 48035 45 . 51965 . 01898 E . 98102 11 
50 9. 46178 42 10. 53822 | 9. 48080 46 10. 51920 }10. 01902 4 9. 98098 10 
51 . 46220 42 . 538780 . 48126 45 . 51874 . 01906 4 . 98094 9 
52 . 46262 41 . 538738 . 48171 46 . 51829 . 01910 3 . 98090 8 
53 . 46303 42 . 538697 . 48217 45 . 51783 . 01913 y . 98087 7 
54 . 46345 41 . 538655 . 48262 45 . 51738 . 01917 4 . 98083 6 
55 9. 46386 42 10. 53614 | 9. 48307 46 10. 51693 }10. 01921 4 9. 98079 5 
56 . 46428 41 . 538572 . 48353 45 . 51647 . 01925 4 . 98075 4 
57 . 46469 42 . 63531 . 48398 45 . 51602 . 01929 4 . 98071 3 
58 . 46511 41 . 538489 . 48443 46 > 01557 . 01933 4 . 98067 2 
59 . 46552 42 . 53448 . 48489 45 . 61511 . 01937 3 . 98063 1 
60 9. 46594 10. 53406 | 9. 48534 10. 51466 }10. 01940 9. 98060 0 
t E f ; ry 

106°> 5 rie Bee cot ra tan esc rae sin 730 
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TABLE 33 
Logarithms of Trigonometric Functions 
17°> sin ai csc tan gs cot sec ers cos «162° 

v Y 

0 9. 46594 41 10. 53406 | 9. 48534 45 10. 51466 |10. 01940 4 9. 98060 60 

1 . 46635 4] . 538365 . 48579 45 . 51421 . 01944 re Wee 98056 59 

2 46676 4] . 53324 | . 48624 45 . 51376 | . 01948 4 . 98052 58 

3 46717 4] . 538283 | . 48669 45 . 01831 - 01952 | 4 . 98048 57 

4 46758 42 . 53242 . 48714 45 . 51286 | . 01956 ri . 98044 56 

5 9. 46800 41 10. 53200 | 9. 48759 45 10. 51241 |10. 01960 4 9. 98040 55 

6 46841 4] . 638159 . 48804 45 . 51196 . 01964 4 . 98036 54 

7 46882 41 . 53118 . 48849 45 . 61151 . 01968 3 . 98032 53 

8 46923 4] . 538077 | . 48894 45 - 51106 | .01971 | | . 98029 52 

9 46964 4] . 58036 | . 48939 45 . 51061 . 01975 4 . 98025 51 
10 9. 47005 40 10. 52995 | 9. 48984 45 10. 51016 }10. 01979 A 9. 98021 50 
ayil 47045 41 . 52955 . 49029 44 . 50971 . 01983 4 . 98017 49 
12 47086 4] . 52914 | . 49073 45 . 50927 | . 01987 | 4 . 98013 48 
13 47127 41 . 52873 . 49118 45 . 50882 . 01991 4 . 98009 47 
14 47168 4] . 52832 . 49163 44 . 50837 . 01995 4 . 98005 46 
15 9. 47209 40 10. 52791 | -9, 49207 45 10. 50793 |10. 01999 4 9. 98001 45 
16 47249 41 BODO . 49252 aa . 50748 . 02003 4 . 97997 44 
17 47290 40 . 52710 . 49296 45 . 50704 . 02007 4 . 97993 43 
18 47330 41 . 52670 . 49341 44 . 50659 . 02011 3 . 97989 42 
19 47371 40 . 52629 . 49385 45 . 50615 . 02014 4 . 97986 41 
20 9. 47411 41 10. 52589 | 9. 49430 44 10. 50570 }10. 02018 4 9. 97982 40 
21 47452 40 . 52548 . 49474 45 . 50526 . 02022 4 . 97978 39 
22 47492 41 . 52508 . 49519 44 . 50481 . 02026 4 . 97974 38 
23 47533 40 . 52467 . 49563 44 . 50437 . 02030 4 . 97970 37 
24 47573 40 . 52427 . 49607 45 . 50393 . 02034 4 . 97966 36 
25 9. 47613 41 10. 52387 | 9. 49652 44 10. 503848 }10. 02038 4 9. 97962 35 
26 47654 40 . 52346 . 49696 44 . 50304 . 02042 a . 97958 34 
27 47694 40 . 52306 . 49740 44 . 50260 . 02046 Z . 97954 33 
28 47734 40 . 52266 . 49784 44 . 50216 . 02050 4 . 97950 32 
29 47774 40 . 52226 . 49828 44 . 50172 . 02054 4 . 97946 31 
30 9. 47814 40 10. 52186 | 9. 49872 44 10. 50128 }10. 02058 4 9. 97942 30 
31 47854 40 . 52146 . 49916 44 . 50084 . 02062 4 . 97938 29 
32 47894 40 . 52106 . 49960 44 . 50040 . 02066 4 . 97934 28 
33 47934 40 . 52066 | . 50004 44 . 49996 | . 02070 | 4 . 97930 | 27 
34 47974 40 . 52026 . 50048 44 . 49952 . 02074 4 . 97926 26 
35 9. 48014 40 10. 51986 | 9. 50092 44 10. 49908 |10. 02078 vi 9. 97922 25 
36 48054 40 . 51946 . 50136 44 . 49864 . 02082 4 . 97918 24 
37 48094 39 . 51906 . 50180 43 . 49820 . 02086 4 . 97914 23 
38 48133 40 . 51867 | . 50223 44 . 49777 | . 02090 a . 97910 | 22 
39 48173 40 51827 |. 50267 | 44 . 49733 | . 02094 | 4 . 97906 21 
40 | 9. 48213 gg__-(|10. 51787 | 9. 50311 44 |10. 49689 ]10. 02098 | 4 | 9. 97902 20 
41 48252 40 . 51748 . 50355 43 . 49645 . 02102 yi . 97898 19 
42 48292 40 . 51708 . 50398 44 . 49602 . 02106 4 . 97894 18 
43 48332 39 . 51668 . 50442 43 . 49558 . 02110 A . 97890 17 
44 48371 40 . 51629 . 50485 44 . 49515 . 02114 yi . 97886 16 
45 9. 48411 39 10. 51589 | 9. 50529 43 10. 49471 ]10. 02118 4 9. 97882 15 
46 48450 40 . 61550 . 50572 44 . 49428 . 02122 e . 97878 14 
47 48490 39 . 61510 . 50616 43 . 49384 . 02126 fi . 97874 13 
48 48529 39 . 51471 . 50659 44 . 49341 . 02130 y . 97870 12 
49 48568 39 . 51482 | . 50703 43 . 49297 |. 02134 | 5 - 97866 | 11 
50 9. 48607 40 10. 51393 | 9. 50746 43 10. 49254 }10. 02139 ys 9. 97861 10 
51 48647 39 . 51353 . 50789 44 . 49211 . 02143 4 . 97857 9 
52 48686 39 . 51814 . 50833 43 . 49167 . 02147 y . 97853 8 
53 48725 39 . 51275 . 50876 43 . 49124 . 02151 4 . 97849 a 
54 48764 39 . 51236 . 50919 43 . 49081 . 02155 4 . 97845 6 
55 9. 48803 39 10. 51197 | 9. 50962 43 10. 49038 10. 02159 4 9. 97841 5 
56 48842 39 . 51158 | . 51005 43 . 48995 | . 02163 | 4 . 97837 4 
57 48881 39 . 91119 . 51048 44 . 48952 . 02167 4 . 97833 3 
58 48920 39 . 51080 . 51092 43 . 48908 . 02171 4 . 97829 2 
59 48959 39 . 51041 . 61135 43 . 48865 . 02175 4 . 97825 1 
60 9. 48998 10. 51002 | 9. 51178 10. 48822 }10. 02179 9. 97821 0 
t : F : f at: 

107°> cos BC sec cot as tan ese wre sim <7}° 
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TABLE 33 
Logarithms of Trigonometric Functions 

18° sin a csc tan ss cot sec 

v 
0 9. 48998 39 10. 51002 | 9. 51178 43 10. 48822 }10. 02179 
1 . 49037 39 . 50963 5 HPPA 43 . 48779 . 02183 
7 . 49076 39 . 50924 . 61264 42 . 48736 . 02188 
3 . 49115 38 . 50885 . 51306 43 . 48694 . 02192 
4 . 49153 39 . 50847 . 513849 43 . 48651 . 02196 
5 9. 49192 39 10. 50808 | 9. 51392 43 10. 48608 |10. 02200 
6 . 49231 38 . 50769 Pola so 43 . 48565 . 02204 
7 . 49269 39 mOOMel . 51478 42 . 48522 . 02208 
8 . 49308 39 . 50692 FOloOZO 43 . 48480 . 02212 
9 . 49347 38 . 50653 HOloGS 43 . 48437 . 02216 
10 9. 49385 39 10. 50615 | 9. 51606 42 10. 48394 10. 02221 
11 . 49424 38 . 50576 . 51648 43 . 48352 mO2Z220 
12 . 49462 38 . 505388 . 51691 43 . 48309 . 02229 
13 . 49500 39 . 50500 . 01734 42 . 48266 NOZ233 
14 . 49539 38 . 50461 a onl eras) 43 . 48224 2 UPPBi/ 
15 9. 49577 38 10. 50423 | 9. 51819 42 10. 48181 10. 02241 
16 . 49615 39 . 560385 . 61861 42 . 48139 . 02246 
17 . 49654 38 . 50346 . 51903 43 . 48097 . 02250 
18 . 49692 38 . 50308 . 51946 42 . 48054 . 02254 
19 . 49730 38 . 50270 . 51988 43 . 48012 . 02258 
20 9. 49768 38 10. 50232 | 9. 52031 42 10. 47969 |10. 02262 
21 . 49806 38 . 50194 mOZOe 42 . 47927 . 02266 
22 . 49844 38 . 50156 moze 42 . 47885 . 02271 
23 . 49882 38 . 60118 NOOO, 43 . 47843 . 02275 
24 . 49920 38 . 50080 . 52200 42 . 47800 . 02279 
25 9. 49958 38 10. 50042 | 9. 52242 42 10. 47758 |10. 02283 
26 . 49996 38 . 50004 . 62284 42 . 47716 . 02287 
PAE . 50034 38 . 49966 . 52326 42 . 47674 . 02292 
28 . 50072 38 . 49928 . 52368 42 . 47632 . 02296 
29 . 560110 38 . 49890 . 52410 42 . 47590 . 02300 
30 9. 50148 37 10. 49852 | 9. 52452 42 10. 47548 |10. 02304 
5) . 50185 38 . 49815 . 62494 42 . 47506 . 02309 
32 0223 38 . 49777 OZOo0 42 . 47464 BOZSiS 
33 . 50261 37 . 49739 . 52578 42 . 47422 OPE 
34 . 50298 38 . 49702 . 52620 41 . 47380 . 02321 
35 9. 50336 38 10. 49664 | 9. 52661 42 10. 47339 |10. 02326 
36 . 50374 37 . 49626 . 52703 42 . 47297 . 02330 
37 . 60411 38 . 49589 GPA) 42 A250 . 02334 
38 . 50449 37 . 49551 . 62787 42 . 47213 . 02338 
39 . 50486 37 . 49514 . 52829 4] 2 eAlzAl . 02343 
40 9. 50523 38 10. 49477 | 9. 52870 42 10. 47130 |10. 02347 
41 . 50561 37 . 49439 . 62912 4] . 47088 . 02351 
42 . 50598 37 . 49402 . 62953 42 . 47047 . 02355 
43 . 50635 38 . 49365 . 52995 42 . 47005 . 02360 
44 . 50673 37 . 49327 , babi 41 . 46963 . 02364 
45 9. 50710 37 10. 49290 | 9. 53078 42 10. 46922 |10. 02368 
46 . 50747 37 . 49253 05120 41 . 46880 O28 
47 . 50784 37 . 49216 O56 4] . 46839 OZ UC 
48 . 50821 37 . 49179 . 53202 42 . 46798 . 02381 
49 . 50858 38 . 49142 . 53244 41 . 46756 . 02385 
50 9. 50896 37 10. 49104 | 9. 53285 42 10. 46715 |10. 02390 
51 . 50933 37 . 49067 083820 4] . 46673 . 02394 
52 . 50970 37 . 49030 . 53368 4] . 46632 . 02398 
53 . 51007 36 . 48993 . 53409 4] . 46591 . 02403 
54 . §1043 37 . 48957 . 538450 42 . 46550 . 02407 
55 9. 51080 37 10. 48920 | 9. 53492 4] 10. 46508 }10. 02411 
56 Belial 37 . 48883 , UpiBE 41 . 46467 . 02416 
Oa S554: 37 . 48846 . 68574 4] . 46426 . 02420 
58 . 61191 36 . 48809 . 53615 4] . 46385 . 02424 
59 poLZ2r 37 . 48773 . 538656 4] . 46344 . 02429 
60 9. 51264 “ 110. 48736 | 9. 53697 10. 46303 |10. 02433 
t : : 

108°> cos i sec cot ies tan csc 


Diff. 


LOPPLA PLO OAOHhHROBD PROD POBEE TORKREOBDEKROA PARED PRB BDEEAR OREAR BRR 


Diff. 


cos «161° 
v 
97821 60 
97817 59 
97812 58 
97808 57 
97804 56 
97800 55 
97796 54 
97792 53 
97788 52 
97784 51 
97779 50 
97775 49 
97771 48 
97767 47 
97763 46 
97759 45 
97754 44 
97750 43 
97746 42 
97742 41 
97738 40 
97734 39 
97729 38 
97725 37 
97721 36 
97717 330) 
97713 34 
97708 OM 
97704 32 
97700 31 
97696 30 
97691 29 
97687 28 
97683 Pag 
97679 26 
97674 25 
97670 24 
97666 23 
97662 22 
97657 Je 
97653 20 
97649 19 
97645 18 
97640 ile 
97636 16 
97632 15 
97628 14 
97623 13 
97619 UW 
97615 i 
97610 10 
97606 9 
97602 8 
97597 7 
97593 6 
97589 5 
97584 4 
97580 3 
97576 2 
97571 1 
97567 0 
t 


t 
NI 
— 

° 
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TABLE 33 


Logarithms of Trigonometric Functions 


csc tan : cot 


eS 
~ 


. 51264 . 48736 | 9. 53697 . 46303 
. $1301 . 48699 . 53738 . 46262 
. 51338 : . 48662 . 538779 . 4622) 
. 51374 . 48626 . 538820 . 46180 
. 51411 . 48589 . 53861 . 46139 


. 51447 . 48553 . 53902 . 46098 
. 51484 . 48516 . 53943 . 46057 
. 91520 . 48480 . 53984 . 46016 
. 91557 . 48443 . 54025 . 45975 
. 91593 . 48407 . 54065 . 45935 


. 51629 . 48371 . 54106 . 45894 
. 51666 . 48334 . 54147 . 45853 
. $1702 . 48298 . 54187 . 45813 
. 01738 . 48262 . 54228 . 45772 
. 61774 . 48226 . 54269 . 45731 


. 51811 . 48189 . 54309 . 45691 
. 51847 . 48153 . 04350 . 45650 
. 51883 . 48117 . 54390 . 45610 
. 91919 . 48081 . 64431 . 45569 
. 61955 . 48045 . 64471 . 45529 


. 01991 . 48009 . 54512 . 45488 
. 52027 . 47973 . 54552 . 45448 
. 52063 . 47937 . 54593 . 45407 
. 52099 . 47901 . 54633 . 45367 
. 62135 . 47865 . 54673 . 45327 


. 52171 . 47829 . 04714 . 45286 
. 52207 . 47793 . 54754 . 45246 
. 02242 . 47758 . 54794 . 45206 
. 52278 . 47722 . 64835 . 45165 
. 62314 . 47686 . 64875 . 45125 


. 52350 . 47650 . 54915 . 45085 
. 52385 . 47615 . 64955 . 45045 
. 52421 . 47579 . 54995 . 45005 
. 52456 . 47544 . 55035 . 44965 
. 52492 . 47508 . 55075 . 44925 


. 92527 . 47473 . 95115 . 44885 
. 52563 . 47437 . 05155 . 44845 
. 52598 . 47402 . 05195 . 44805 
. 02634 . 47366 . 55235 . 44765 
. 52669 . 47331 . 55275 . 44725 


. 52705 . 47295 . 55315 . 44685 
. 52740 . 47260 . 65355 . 44645 
. 02775 . 47225 . 55395 . 44605 
. 62811 . 47189 . 55434 . 44566 
. 52846 . 47154 . 55474 . 44526 


. 62881 . 47119 . 90514 . 44486 
. 62916 . 47084 . 90554 . 44446 
. 62951 . 47049 . 55593 . 44407 
. 52986 . 47014 . 55633 . 44367 
. 53021 . 46979 . 55673 ‘ . 44327 


. 538056 . 46944 . 99712 . 44288 
. 53092 . 46908 . 55752 ‘ . 44248 
. 53126 . 46874 . 95791 . 44209 
. 63161 . 46839 . 55831 . 44169 
. 63196 . 46804 . 55870 . 44130 


. 53231 . 46769 . 55910 . 44090 
. 53266 . 46734 . 55949 . 44051 
. 53301 . 46699 . 55989 . 44011 2 
. 538336 . 46664 . 56028 : . 43972 . 97308 
. 53370 . 46630 . 56067 . 43933 : . 97303 
. 538405 . 46595 . 56107 . 43893 : . 97299 


- 97506 


. 97501 
. 97497 
. 97492 
. 97488 
. 97484 


. 97479 
. 97475 
. 97470 
. 97466 
. 97461 


. 97457 
. 97453 
. 97448 
. 97444 
. 97439 


. 97435 
. 97430 
. 97426 
. 97421 
. 97417 


. 97412 
. 97408 
. 97403 
. 97399 
. 97394 


. 97390 
. 97385 
. 97381 
. 97376 
. 97372 


. 97367 
. 97363 
. 97358 
. 97353 
. 97349 


. 97344 
. 97340 
. 97335 
. 97331 
. 97326 
. 97322 
. 97317 
. 97312 


LARA RARER OBOE ORO BRABROBE ARORA BORO BOROK OBOE APOE TOR ROBE TP ROP 


PlOHNWERUOANDWS 


cos ; sec cot ; tan sin 


t 
SJ 
S 

° 
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TABLE 33 
Logarithms of Trigonometric Functions 
20° sin we csc tan ei cot sec se cos «159° 

v v 
0 9. 53405 35 10. 46595 | 9. 56107 39 10. 43893 10. 02701 5 9. 97299 60 

1 . 538440 35 . 46560 . 56146 39 . 48854 . 02706 5 . 97294 59 
2 . 58475 34 . 46525 . 66185 39 . 48815 . 02711 4 . 97289 58 
3 . 538509 35 . 46491 . 56224 40 . 48776 OZ ilo 5 . 97285 57 
4 . 63544 34 . 46456 . 56264 39 . 43736 . 02720 4 . 97280 56 
5 9. 53578 35 10. 46422 | 9. 56303 39 10. 48697 |10. 02724 5 9. 97276 55 
6 Toools 34 . 46387 . 56342 39 . 48658 . 02729 5 » 97271 54 
7 . 538647 35 . 46353 . 56381 39 . 48619 . 02734 4 . 97266 53 
8 . 538682 34 . 46318 . 56420 39 . 48580 . 02738 5 . 97262 52 
9 OowLG 35 . 46284 . 56459 39 . 438541 . 027438 5 . 97257 ial 
10 9) 53751 34 10. 46249 | 9. 56498 39 10. 48502 |10. 02748 4 9. 97252 50 
11 TOStSD 34 . 46215 OOD 39 . 48463 nOZiD2 5 . 97248 49 
12 . 538819 35 . 46181 . 56576 39 . 43424 SO 757 i . 972438 48 
13 . 538854 34 . 46146 . 56615 39 . 438385 . 02762 4 . 97238 47 
14 . 53888 34 . 46112 . 66654 39 . 43346 . 02766 5 . 97234 46 
15 9. 538922 35 10. 46078 | 9. 56693 39 10. 48307 |10. 02771 5 9. 97229 45 
16 OOOO 34 . 46043 BO Osoe 39 . 43268 02776 4 . 97224 44 
ily . 53991 34 . 46009 . 56771 39 . 438229 . 02780 5 . 97220 43 
18 . 64025 34 . 45975 . 56810 39 . 43190 . 02785 5 . 97215 42 
19 . 54059 34 . 45941 . 56849 38 . 43151 . 02790 4 . 97210 4] 
20 9. 54093 34 10. 45907 | 9. 56887 39 10. 48113 J10. 02794 5 9. 97206 40 
21 TOoAl27 34 . 45873 . 56926 39 . 48074 . 02799 5 . 97201 39 
22 . 54161 34 . 45839 . 56965 39 . 48035 . 02804 4 . 97196 38 
23 . 54195 34 . 45805 . 57004 38 . 42996 . 02808 5 . 97192 Sil 
24 . 64229 34 A aT . 51042 39 . 42958 . 02813 5 . 97187 36 
25 9, 54263 34 10. 45737 | 9. 57081 39 10. 42919 J10. 02818 4 9. 97182 35 
26 . 64297 34 . 45703 5 I VAD 38 . 42880 . 02822 5 . 97178 34 
27 . 54331 34 . 45669 OC 5S 39 . 42842 . 02827 5 = Dees} 33 
28 . 64365 34 . 45635 . 67197 38 . 42803 . 02832 5 . 97168 32 
29 . 54399 34 . 45601 TOU 200) 39 . 42765 . 02837 4 . 97163 31 
30 9. 54433 33 10. 45567 | 9. 57274 38 10. 42726 110. 02841 5 9. 97159 30 
31 . 54466 34 . 45534 ces le 39 . 42688 . 02846 5 . 97154 29 
32 . 54500 34 . 45500 5 Heyl 38 . 42649 . 02851 4 . 97149 28 
33 . 54534 33 . 45466 . 57389 39 . 42611 . 02855 5 . 97145 20 
34 . 54567 34 . 45433 . 67428 38 42572 . 02860 5 . 97140 26 
35 9. 54601 34 10. 45399 | 9. 57466 38 10. 42534 J10. 02865 5 9. 97135 25 
36 . 54635 33 . 45365 . 57504 39 . 42496 . 02870 4 . 97130 24 
37 . 54668 34 . 45332 NGS 38 . 42457 . 02874 5 . 97126 23 
38 . 54702 33 . 45298 . 567581 38 . 42419 . 02879 5 . 97121 22, 
39 . 54735 34 . 45265 . 57619 39 . 42381 . 02884 5 . 97116 21 
40 9. 54769 33 10. 45231 | 9. 57658 38 10. 42342 }10. 02889 4 9.97111 20 
4] . 54802 34 . 45198 . 57696 38 . 42304 . 02893 5 . 97107 19 
42 , 64836 33 . 45164 . 577384 38 . 42266 . 02898 5 . 97102 18 
43 . 54869 34 . 45131 POL 38 . 42228 . 02903 5 . 97097 17 
44 . 64903 33 . 45097 . 57810 39 . 42190 . 02908 5 . 97092 16 
45 9. 54936 33 10. 45064 | 9. 57849 38 10. 42151 }10. 02913 A 9. 97087 15 
46 . 54969 34 . 45031 . 57887 38 . 42113 . 02917 5 . 97083 14 
47 . 55003 33 . 44997 557925 38 . 42075 . 02922 5 . 97078 #3 
48 . 55036 33 . 44964 . 57963 38 . 42037 . 02927 5 . 97073 12 
49 . 55069 33 . 44931 . 58001 38 . 41999 02932 5 . 97068 11 
50 9. 55102 34 10. 44898 | 9. 58039 38 10. 41961 10. 02937 4 9. 97063 10 
51 » SETS 33 . 44864 OSU 38 . 41923 . 02941 5 . 97059 9 
52 . 55169 33 . 44831 5 ees L1H) 38 . 41885 . 02946 5 . 97054 8 
53 BOO Z02 33 . 44798 » Hons 38 . 41847 . 02951 5 . 97049 a 
54 ~ 59230 33 . 44765 . 68191 38 . 41809 . 02956 5 . 97044 6 
‘95 9. 55268 33 10. 44732 | 9. 58229 38 10. 41771 410. 02961 y 9. 97039 5 
56 OOS 33 . 44699 . 58267 37 . 41733 . 02965 5 . 97035 4 
Du . 65334 33 . 44666 . §8304 38 . 41696 . 02970 5 . 97030 3 
58 ODS OC 33 . 44633 . 68342 38 . 41658 . 02975 5 . 97025 2 
59 . 55400 33 . 44600 . 58380 38 . 41620 . 02980 5 . 97020 1 
60 9. 55433 10. 44567 | 9. 58418 10. 41582 410. 02985 ; 9. 97015 @) 
nN ; ; : t 

110°> cos aye sec cot acne tan csc ike sin <69° 
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TABLE 33 
Logarithms of Trigonometric Functions 
21° sin te esc tan i cot sec ee. cos «158° 
v v 
0 9. 55433 33 10. 44567 . 58418 37 10. 41582 ]10. 02985 5 9. 97015 60 
1 . 55466 33 44534 . 68455 38 . 41545 . 02990 5 . 97010 59 
2 . 55499 33 44501 . 58493 38 . 41507 . 02995 iy . 97005 58 
3 O5oaz2 39 44468 VO853L 38 . 41469 . 02999 5 . 97001 Litt 
4 . 55564 33 44436 . 58569 37 Sal43i1 _. 03004 5 |= 96996 56 
5 9. 55597 33 10. 44403 . 58606 38 10. 41394 |10. 03009 5 9. 96991 t5Y9) 
6 . 55630 33 44370 . 58644 37 141306 . 038014 5 . 96986 54 
7 55663 392 44337 . 58681 38 . 41319 . 038019 5 . 96981 53 
8 55695 33 44305 . 58719 38 . 41281 . 038024 5 . 96976 52 
9 55728 33 44272 . 58757 37 . 41243 . 03029 5 . 96971 51 
10 9. 55761 39 10. 44239 . 58794 38 10. 41206 ]10. 03034 A 9. 96966 50 
11 55793 33 44207 . 58832 37 . 41168 . 03038 5 . 96962 49 
2 55826 32 44174 . 58869 38 T4130 . 03043 5 . 96957 48 
13 55858 33 44142 . 58907 37 . 41093 . 03048 5 . 96952 47 
14 55891 32 44109 . 58944 37 . 41056 . 038053 Le . 96947 46 
15 9. 55923 33 10. 44077 | 9. 58981 38 10. 41019 10. 03058 5 9. 96942 45 
16 55956 32 44044 . 59019 37 . 40981 . 038063 5 . 96937 44 
17 55988 33 44012 . 59056 38 . 40944 . 03068 5 . 96932 43 
18 56021 32 43979 . 59094 37 . 40906 . 03073 5 . 96927 42 
19 56053 32 43947 . 9131 37 . 40869 . 03078 5 . 96922 41 
20 9. 56085 33 10. 48915 . 59168 37 10. 40832 {10. 03083 5 9. 96917 40 
21 56118 32 43882 . 59205 38 . 40795 . 03088 5 . 96912 39 
22 56150 32 43850 . 59243 37 . 40757 . 03093 7 . 96907 38 
23 56182 33 43818 . 59280 37 . 40720 . 03097 5 . 96903 37 
24 56215 32 43785 . 69317 37 . 40683 . 08102 5 . 96898 36 
25 9. 56247 32 10. 43753 . 69354 37 10. 40646 |10. 03107 5 9. 96893 35 
26 56279 32 43721 . 59391 38 . 40609 . 038112 5 . 96888 34 
27, 56311 32 43689 . 59429 37 . 40571 . 08117 5 . 96883 3B 
28 56343 32 43657 . 59466 37 . 40534 . 03122 5 . 96878 32 
29 56375 33 43625 . 69503 37 . 40497 » (OB 47/ 5 . 96873 31 
30 9. 56408 39 10. 48592 . 59540 37 10. 40460 |10. 03132 5 9. 96868 30 
31 56440 32 43560 . 59577 37 . 40423 5 WES Y7/ 5 . 96863 29 
32 56472 2 43528 . 69614 37 . 40386 . 03142 5 . 96858 28 
33 56504 G 43496 . 59651 37 . 40349 . 03147 5 . 96853 2a 
34 56536 oe 43464 . 59688 4 37 . 40312 . 08152 5 . 96848 26 
35 9. 56568 31 10. 43432 . 59725 37 10. 40275 |10. 03157 5 9. 96843 25 
36 56599 2 43401 . 59762 37 . 40238 . 03162 5 . 96838 24 
37 56631 a 43369 . 59799 36 . 40201 . 03167 5 . 96833 23 
38 56663 39 43337 . 59835 37 . 40165 . 03172 5 . 96828 22 
39 56695 32 43305 . 59872 37 . 40128 . 03177 5 . 96823 21 
40 9. 56727 32 10. 43273 . 59909 37 10. 40091 ]10. 03182 5 9. 96818 20 
41 56759 31 43241 . 59946 37 . 40054 . 03187 5 . 96813 19 
42 56790 43210 . 59983 36 . 40017 . 03192 5 . 96808 18 
43 56822 of 43178 . 60019 37 . 39981 . 03197 5 . 96803 i7é 
44 56854 39 43146 . 60056 37 . 39944 . 03202 5 . 96798 16 
45 9. 56886 1 10. 48114 . 60093 37 10. 39907 |10. 03207 5 9. 96793 15 
46 56917 3 43083 . 60130 36 . 39870 [O3212 5 . 96788 14 
47 56949 | 32 43051 | .60166 | 37 | .39834| .03217| > | | 96783] 13 
48 56980 et 43020 . 60203 37 . 39797 . 038222 6 . 96778 12 
49 57012 39 42988 . 60240 36 . 39760 . 03228 5 . 96772 11 
50 9. 57044 3] 10. 42956 . 60276 37 10. 39724 |10. 03233 5 9. 96767 10 
51 57075 42925 . 60313 36 . 39687 . 038238 5 . 96762 9 
52 57107 32 42893 . 60349 37 . 89651 . 03243 r . 96757 8 
53 57138 ei 42862 . 60386 36 . 39614 . 03248 = . 96752 7 
54 57169 32 42831 . 60422 37 . 389578 O38253 5 ‘ aoa : 
55 9. 57201 10. 42799 . 60459 10. 39541 {10. 03258 9. 96742 
56 | .57232 | 31 42768 | | 60495 S . 89505 | . 03263 | 2 | .96737| 4 
57 . 57264 32 42736 . 60532 36 . 39468 . 03268 5 . 96732 3 
58 . 57295 31 42705 . 60568 37 . 39432 n0382 3 5 . 96727 2 
59 . 57326 31 . 42674 . 60605 36 . 89395 . 03278 5 . 96722 i! 
60 9. 57358 32 10. 42642 . 60641 10. 39359 ]10. 03283 i 9. 96717 0 
t i Diff. t 
1 1 1°> cos pie sec cot Bi tan csc if sin <68° 


274 


caine cf ABLE 88 
ogarithms of Trigonometric Functions 
° ‘ 
22 > sin Diff. Di 
y 1/ esc tan iff. Diff 
é 1’ cot sec fp : Bae «157° 
0 | 9.57358 i ¥ 
1 31 10. 42642 9. 60641 . 
qSES gh TSHR] Se | ge Sie POE |g | | 
3 . 57451 1 : . 60714 "39986 | | 5 96711 | 59 
4 | 157482 | 32 42549 | .60750| 36 | | - 03294 | 5 96706 | 58 
42518 | | 60786 | 3° . 39250 |. 03299 
5 |o.57514| > 37 |_- 39214 | . 03 5 96701 | 57 
: 31 |10. 42486 | 9. 6082 ee 96696 
OL eieeeoale Ot, Imamaeses -éosss | 38 |” Soius |” assis 5 a g6sa1-| 38 
3 | 57607] 31 |: - 60895 “30105 | _ 03319 96686 
-39105 | . 03319 | 2 22 
9 | | 57638 | 32 42393 | | 60931 | 36 96681 | 53 
42362 | | 60967 | 36 39069 | . 03324 | ° 
10 | 9.57669 | >, u . 3903 6 96676 | 52 
10. STE 3 | . 0333 
10 | 9. 57660 | 5, |10. 42881 9. 61004 epee | ® |g eeeee 12g 
12 | 57731) 34 eocet PAiiove 36 | - 38960 eeocae | SOsk eeeeoels ae 
13 | (57762 | 31 | ° . 61076 38924 | 96660 | 4 
: : 4] . 0334 5 9 
14 | (57793 | 31 42238 | | 61112 | 36 5 96655 | 48 
LMSTI93 ase OU liege eee |p ite300 2 
15 | 9.57824 | > 8 | 36 . 38852 03 5 96650 | 47 
_ 03355 
7 |p eap7es5 | 2° 42145 | . 61220 3878 0} ¢ | 9.96640 | 45 
is. |) RasvOLG I) ot H40118 |PeKG1956 | pce, WPAas7 0] . 03366 96634 
38744 | 03371 | ? is 
19 | .57947 | 3! 42084 | _ 61292 | 36 1 96629 | 4 
42053 | 6 a6) |eg8708 |nx03a76 | ee : 
20 | 9.57978 | 2 . 61328 38672 5 96624 | 42 
22 feeaes 31 oo . 61400 ah 1 38600 peicaocs : 9. 96614 i 
23 | .58070| 3! | | . 61436 "38 - 08392 | 5 96608 | 39 
or Raecevor' | St Wheat ace leiorede Bey men coos be 96603 
peer OL | i 41899 obi peieass28 (eh0s402.| ep ne 
26 eo a 10. 41869 7 Gigta Bod eeeocinue "03407 : 96593 34 
. 58162 . 418 ess 10. 38456 {10 5 3 | 36 
"58223 ; . 61615 38385 |. 5 96582 | 34 
29 peeael) 80) WMseinooe Terre oes Ao DN eS gl 96577 | 33 
ee area - 88349 |. 03428 | 5 
30 | 9. 58284 | 35 |10. 41716 | 9 a 3, | 2988818 | ./03433 | 2 oeee7 | 3 
. 58314 4168 ; 36 |10. 38278 110 5 l 
Pees 30 Treeetlbeteien: Lee) leeaaeoae yer areee i aaceeeeetl oc 
. 58375 HO1794: | oe: 38906 | | ee 96556 | 29 
34 "58406 | 31 "41625 | 61830 | 36 fee . 03449 | 96551 
Se ee : . 38170 034 is) o 28 
35 30 41504 | . 61865 | 3° . 03454 96 
36 Poeegee 3 10. 41564 | 9. 61901 36 a . 03459 2 at a 
Bee haeccar) 0) Uh ganeon iebenecs ae heeoeg Lo onee ape peter: 25 
se a 30 | - - 61972 
Boge | eeeneee | 20) ecm iesestae se “37992 | | 03480 3 96525 | 23 
40 | 9, 58588 31 : . 62043 Ges ; 9 
40 | 9. 58588) 39 |10. 41412 | 9. 62079 36 goes . 03486 : ObEA a 
42 58648 | 30 ; pees . 62114 ae 37886 rk ieee 5 | 9.96509 | 20 
43 30 . 62150 - 03496 9 
ia | _ 38709 et ue a levee 35 | “37ers | | 03507 6) 96408 | 18 
ae \coasevsa| °°) lam - 62221 964 i 
Tee lacpere |) 60s Aueeeecrule essen i oom 03512 | 3 96488 | 16 
a7 \\awcarog: |, 80: Wreeeiaesbiccesse Be Bente (he, | ee Oeeer tL 
48 58829 | 39 | ° . 62327 39 3 96477 
: 37673 5 14 
49 Poven|) (30! Weare sibeucsece 35 Be . 03528 96472 
. 37638 5 (pa VG 
50 30 . 41141 . 62398 36 . 03533 964 
50 | 9. 58880 | 35 [10.4111 | 9. 624 35 |. 87602 |. 03539 | 8 96461 | 11 
| 58919 - 62433 10. 37567 5 i 
52 | . 58949) 30 41081 | . 62468 | 3° A 10. 03544 9.96456 | 10 
eee eneeeeh | 20: even dee oan ee ey Me 2 964611 “9 
pat | Eveeconc |, S20) Hheeannaealtmeesccs Ee 37401 | loaeeo | 5 | 9640] 7 
55 30 : . 62574 ie 0 964 
Te ee eee ae reas 03565 | 3 all ks 
Oe Pare | ear degre aie 36 |L0. 87391 |10. 08571 9.96429 | 5 
OU fiber tee | Gao: from Coee le ecoee 20h iieeia7355 1) #03576 lay 96424] 4 
Por il whic udecl| S300 sesame BU teee eee 32 | .87320| .035g1 | 2 | . 96419] 3 
Od ee ASU Sr Meee UCN ee rel 35 |. 37288 | 03587 | 8 | 296413 | 2 
ans CREAR DMCS OE INCSEE Inaneneee lnokaseee > | . 96408] 1 
112°> ©s Diff. a 10. 03597 9. 96403 0 
i Be sec cot Diff. A 
1! tan ese Diff. : t 
Te sin <67° 
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TABLE 33 


Logarithms of Trigonometric Functions 


¥ 


. 96381 
9. 96376 
. 96370 
. 96365 
. 96360 
. 96354 


. 96349 
. 96343 
. 96338 
. 96333 
. 96327 
. 96322 
. 96316 
. 96311 
. 96305 
. 96300 
. 96294 
. 96289 
. 96284 
. 96278 
. 96273 
. 96267 
. 96262 
. 96256 
. 96251 
. 96245 
. 96240 
. 96234 
. 96229 
. 96223 
. 96218 
. 96212 
. 96207 
. 96201 
. 96196 
. 96190 
. 96185 
. 96179 
. 96174 
. 96168 
. 96162 


. 96157 
. 96151 
. 96146 
. 96140 
. 96135 


. 96129 
. 96123 
. 96118 
. 96112 
. 96107 
. 96101 
. 96095 
. 96090 
. 96084 
. 96079 
. 96073 
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sin 
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TABLE 33 


Logarithms of Trigonometric Functions 


cot iff. cos «155° 
y 


. 60931 } . 64858 . 35142 . 038927 . 96073 
. 60960 ‘ . 64892 . 85108 | . 03933 . 96067 
. 60988 : . 64926 . 35074 | . 03938 . 96062 
. 61016 : . 64960 ; . 835040 . 03944 . 96056 
. 61045 * . 64994 . 85006 | . 03950 . 96050 


. 61073 b . 65028 . 34972 . 03955 . 96045 
. 61101 3 . 65062 . 34938 . 03961 . 96039 
. 61129 ( ; . 65096 . 34904 | . 03966 . 96034 
. 61158 4 . 65130 . 34870 | . 03972 . 96028 
. 61186 ; . 65164 : . 34836 . 03978 . 96022 


9. 61214 f . 65197 . 84803 . 03983 . 96017 
. 61242 : . 65231 . 34769 . 03989 | ; . 96011 
. 61270 : . 65265 . 34735 . 03995 . 96005 
. 61298 : . 65299 . 34701 . 04000 . 96000 
. 61326 ; . 65333 . 34667 . 04006 . 95994 


. 61354 ! . 65366 . 34634 . 04012 . 95988 
. 61382 : . 65400 ‘i . 34600 . 04018 . 95982 
. 61411 A . 65434 . 34566 . 04023 . 95977 
. 61438 : . 65467 . 34533 . 04029 m90971 
. 61466 ; . 65501 . 34499 . 04035 . 95965 


9. 61494 } . 65535 . 34465 . 04040 . 95960 
. 61522 ‘ . 65568 . 34432 . 04046 . 95954 
. 61550 . 38¢ . 65602 . 34398 . 04052 : . 95948 
. 61578 : . 65636 . 34364 . 04058 . 95942 
. 61606 : . 65669 . 34331 . 04063 . . 95937 


. 61634 , . 65703 . 34297 . 04069 . 95931 
. 61662 : . 65736 . 34264 . 04075 . 95925 
. 61689 : . 65770 c . 34230 . 04080 : . 95920 
. 61717 : . 65803 . 34197 . 04086 . 95914 
. 61745 : . 65837 ; . 34163 . 04092 . 95908 


. 61773 ‘ E . 65870 ‘ . 34130 . 04098 . 95902 
. 61800 : . 65904 : . 84096 . 041038 ; . 95897 
. 61828 : . 65937 . 34063 . 04109 . 95891 
. 61856 : . 65971 . 34029 . 04115 . 95885 
. 61883 : . 66004 . 33996 . 04121 . 95879 


) 61911 , . 66038 . 33962 . 04127 . 95873 
. 61939 - : . 66071 . 33929 . 04132 . 95868 
. 61966 : . 66104 . 33896 . 04138 . 95862 
. 61994 : . 66138 . 33862 . 04144 . 95856 
. 62021 : . 66171 ; . 338829 . 04150 . 95850 


. 62049 E . 66204 . 33796 . 04156 . 95844 
. 62076 : . 66238 : . 33762 . 04161 . 95839 
. 62104 ; . 66271 : . 33729 . 04167 : . 95833 
. 62131 : . 66304 . 33696 . 04173 . 95827 
. 62159 : . 66337 ‘ . 33663 . 04179 . 95821 


. 62186 } . 66371 . 33629 . 04185 . 95815 
. 62214 Zs 2 . 66404 ‘ . 33596 . 04190 . 95810 
. 62241 ; . 66437 . 33563 . 04196 . 95804 
. 62268 : . 66470 . 33530 . 04202 . 95798 
. 62296 ; . 66503 ‘ . 338497 . 04208 . . 95792 


9. 62323 } 9. 66537 . 338463 . 04214 . . 95786 
. 62350 : . 66570 . 33430 . 04220 . 95780 
. 62377 : . 66603 . 33397 . 04225 . 95775 
. 62405 : . 66636 : . 33364 . 04231. . 95769 
. 62432 ; . 66669 ‘ . 33331 . 04237 . 95763 


9. 62459 ! . 66702 . 33298 . 04243 . 95757 
. 62486 : . 66735 é . 33265 . 04249 . 95751 
. 62513 : . 66768 . 38232 . 04255 . 95745 
. 62541 : . 66801 . 33199 . 04261 . 95739 
. 62568 : . 66834 . 33166 . 04267 . 95733 

9. 62595 k . 66867 . 33133 . 04272 . 95728 
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v 
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TABLE 33 


Logarithms of Trigonometric Functions 


tan 


. 62595 } 9. 66867 
. 62622 : . 66900 
. 62649 , . 66933 
. 62676 ; . 66966 
. 62703 ‘ . 66999 


. 62730 ; 9, 67032 
. 62757 : . 67065 
. 62784 7 ; . 67098 
. 62811 : . 67131 
. 62838 : . 67163 


. 62865 j . 67196 
. 62892 : . 67229 
. 62918 : . 67262 
. 62945 . ; . 67295 
. 62972 . 67327 


. 62999 ; 9. 67360 
. 63026 j . 67393 
. 63052 4 : . 67426 
. 638079 ~ . . 67458 
. 63106 : . 67491 


. 63133 ; . 67524 
. 63159 : . 67556 
. 63186 : . 67589 
. 63213 : | . 67622 
. 63239 ; . 67654 


. 63266 L || 9. 67687 
. 63292 : POUiLO 
. 63319 3 . 67752 
. 63345 4 . 67785 
. 63372 , . 67817 


. 63398 . 67850 
. 63425 ; . 67882 
. 63451 , . 67915 
. 638478 ; . 67947 
. 63504 : . 67980 


. 63531 } . 68012 
. 63557 ; . 68044 
. 63583 : . 68077 
. 63610 : . 68109 
. 63636 5 . 68142 


. 63662 } . 68174 
.. 63689 : . 68206 
. 63715 : . 68239 
. 63741 3 . 68271 
. 63767 : . 68303 


. 63794 ; . 68336 
. 63820 ; . 68368 
. 63846 : . 68400 
. 63872 : . 68432 
. 63898 ; . 68465 


. 63924 ; . 68497 
. 63950 : . 68529 
. 63976 : . 68561 
. 64002 5 . 68593 
. 64028 : . 68626 


. 64054 f . 68658 
. 64080 ; . 68690 
. 64106 é . 68722 
. 64132 : . 68754 
. 64158 : . 68786 
9. 64184 } . 68818 


DDADADHD HDD HD 
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TABLE 33 


Logarithms of Trigonometrie Functions 


tan ’ cot 


¥ 


. 64184 . 35816 | 9. 68818 . 81182 410. 04634 
. 64210 . 35790 | . 68850 . 31150 | . 04640 
. 64236 . 35764 | . 68882 . 31118 | . 04646 
. 64262 . 85738 | . 68914 . 31086 . 04652 
. 64288 . 385712 | . 68946 . 31054 | . 04659 


9, 64313 . 835687 | 9. 68978 . 31022 10. 04665 
. 64339 . 85661 . 69010 . 30990 | . 04671 
. 64365 . 835635 | . 69042 . 80958 | . 04677 
. 64391 . 35609 . 69074 . 80926 | . 04683 
. 64417 . 85583 . 69106 . 80894 | . 04690 


. 64442 . 35558 | 9. 69138 . 30862 . 04696 
. 64468 ; . 8355382 | . 69170 . 80830 | . 04702 
. 64404 . 85506 . 69202 . 30798 | . 04708 
. 64519 . 85481 . 69234 . 80766 | . 04714 
. 64545 . 85455 . 69266 . 30734 | . 04721 


. 64571 . 835429 | 9, 69298 z . 80702 . 04727 
. 64596 . 85404 | . 69329 . 80671 . 04733 
. 64622 . 85378 | . 69361 . 80639 | . 04739 
. 64647 . 85353 . 69393 . 830607 | . 04746 
. 64673 . 89327 . 69425 . 80575 . 04752 


. 64698 . 35302 | 9, 69457 . 80543 410. 04758 
. 64724 . 835276 | . 69488 . 80512 . 04764 
. 64749 . 35251 . 69520 ‘ . 30480 . 04771 
. 64775 . 85225 . 69552 . 30448 . 04777 
. 64800 . 85200 | . 69584 . 80416 | . 04783 


. 64826 : . 85174 | 9. 69615 . 30385 . 04789 
. 64851 . 35149 . 69647 . 80353 | . 04796 
. 64877 . 85123 . 69679 . 30321 . 04802 
. 64902 . 35098 . 69710 . 30290 | . 04808 
. 64927 . 85073 . 69742 . 30258 . 04815 


9, 64953 . 85047 . 69774 . 30226 . 04821 
. 64978 . 35022 | . 69805 . 30195 . 04827 
. 65003 . 34997 | . 69837 ‘ , 30163 . 04833 
. 65029 . 34971 . 69868 . 30132 | . 04840 
. 65054 . 834946 | . 69900 : 30100 | . 04846 


9. 65079 . 34921 . 69932 E . 80068 410. 04852 
. 65104 ‘ . 34896 . 69963 . 30037 . 04859 
. 65130 . 34870 . 69995 . 80005 . 04865 
. 65155 . 84845 . 70026 . 29974 . 04871 
. 65180 ; . 34820 . 70058 |. 29942 . 04878 


. 65205 . 34795 . 70089 ‘ . 29911 . 04884 
. 65230 . 34770 . 70121 . 29879 . 04890 
. 65255 . . 34745 . 70152 . 29848 . 04897 
. 65281 . 384719 . 70184 . 29816 . 04903 
. 65306 . 34694 | . 70215 . 29785 . 04910 


. 65331 . 34669 . 70247 . 29753 . 04916 
. 65356 . 34644 . 70278 . 29722 . 04922 
. 65381 . 34619 . 70309 . 29691 . 04929 
. 65406 . 34594 | . 70341 . 29659 . 04935 
. 65431 . 34569 . 70372 . 29628 . 04941 


. 65456 . 84544 . 70404 . 29596 . 04948 
. 65481 . 84519 | . 70435 ‘ . 29565 . 04954 
. 65506 . 84494 | . 70466 . 29534 . 04961 
. 65531 . 34469 . 70498 . 29502 . 04967 
. 65556 . 34444 . 70529 29471 . 04973 


. 65580 . 34420 . 70560 . 29440 10. 04980 
. 65605 . 84395 . 70592 . 29408 . 04986 
. 65630 . 34370 . 70623 . 29377 . 04993 
. 65655 = . 84345 . 70654 . 29346 . 04999 
. 65680 . 84320 . 70685 . 29315 . 05005 
. 65705 . 34295 OGLE . 29283 . 05012 


< 
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. 95242 
. 95236 
. 95229 
. 95223 
. 95217 


. 95211 
. 95204 
. 95198 
. 95192 
. 95185 
. 95179 
. 95173 
. 95167 
. 95160 
. 95154 
9. 95148 
. 95141 
. 95135 
. 95129 
. 95122 


. 95116 
. 95110 
. 95103 
. 95097 
. 95090 


. 95084 
. 95078 
. 95071 
. 95065 
. 95059 
. 95052 
. 95046 
. 95039 
. 95033 
. 95027 


. 95020 
. 95014 
. 95007 
. 95001 
. 94995 
. 94988 
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cos : sec cot : tan csc 


TABLE 33 
Logarithms of Trigonometric Functions 
fad Ea oo nr ORE IT ae eat bade as lalallala, | 
27° sin ay csc tan cia cot sec a cos «152° 
v L 
0 | 9.65705 | 54 |10.34295 | 9.70717 | 3, 10. 29283 |10. 05012 | « | 9.94988] 60 
1 | 165720 | SF |,.34271 J, 20748 |(63! |.) 902521. 05018 |? 94982 | 59 
2+) 65754 | $2 | .34246 |--70779 | 31 | 20921 | 05025 | 7 94975 | 58 
3 |} 265979 | “Oe slo.084221 |. 70810 | 81) |. 20190,}.- 05031 | > 94969 | 57 
4 | .65804| $4 | .34196 | . 70841 | 3) | 291591 | 05038) 7 94962 | 56 
5 | 9.65828 | 55 |10. 34172 | 9.70873 | 3, |10. 29127 |10. 05044 | - | 9.94956 | 55 
6 | .65853 | 52 | .34147| . 70904 | 31 | . 20096 | ‘05051 | 7 94949 | 54 
7 | .65878 | 52 | .34122]| . 70035 | 3! | ‘ 29065] - 05057 | © 94943 | 53 
8 | .65902| 52 | .34098| - 70966 | 31 | - 20034] | 05064 | 7 94936 | 52 
9 | .65927 | 52 | .34073 | . 70907 | 31 |. 29003 | . 05070 | © 94930 | 51 
10 | 9.65952 | 5, |10. 34048 | 9.71028 | 3, /10. 28972 |10.05077 | | 9.94923 | 50 
11 | .65976 | 55 | .34024| .71059| 25 | . 28041 | . 05033 | & 94917 | 49 
12 | .66001) 53 | 33999] .71090| 31 | ‘28910 | ‘05089 | § 94911 | 48 
13 | .66025) 55 | .33075| .71121) 3) | 28879] | 05096 | ¢ 94904 | 47 
1d || 9486050.) 6? jp -83050.| 271153 | 37 |oocesea? |. 05102 | 2 94898 | 46 
15 | 9.66075 | 5, |10. 33925 | 9.71184 | 3, |10. 28816 |10. 05109 | 4 | 9.94801 | 45 
HB || 2666009 | “S- | .33001)| 9.71215 | “21 |. 98785 J../05115 |e 94885 | 44 
iy | Ge6G124 | G2) lunn83878q) 2091240 |NES!) Giconea7e4 ile. 205122 |e 94878 | 43 
Be pe 66148 | Se don gs38ee |ice e277 \8t |) ea728 4 4.05120 | 94871 | 42 
19 || aA 66173) 52 |..-33827 |) ...71308 | 31 | 28602 jics05135 | 2 94865 | 41 
20 | 9.66197 | 5, |10. 33803 | 9.71339 | 3, |10. 28661 |i0.05142 | , | 9. 94858 | 40 
Blt] cepbe2l | oe Winses7 doe. 11970) (St cg da6a01.es 05148 (bP 94852 | 39 
Be | 5. 66246-| 57 | "337544: 71401 | 3) |, < 28599 |. 05155 || 7 94845 | 38 
33 || aqob270'| fe) tlhe x88730qo rn 71431 |0620 (- asep d 0siel || > 94839 | 37 
B41) cepn0s | 5) (navs3705 |coei4ep 082) (|ceseapaieosies | 94832 | 36 
25 | 9.66319 | 5, |10. 33681 | 9.71493 | 3, |10. 28507 |10.05174 | > | 9 94826 | 35 
26 |<, 66242 | Oe |:,088057 de neib24 (02) | 228476 dc cl0518) | 4 94819 | 34 
a7 | ..06868 | 52 |\-;.33632 |. 71555 | 31 | 128445} =.05187 | 2 94813 | 33 
28 | 346302 | 55 |onx38008:h0.71586 [21 | 28414], 3.05194) -7 94806 | 32 
2D || pametie || > cpnxB3084 aca ciOl7 |" 2) d.2es3e3 as 205001 | 4 94799 | 31 
30 | 9.66441 | 5, |10. 33559 | 9.71648 | 3, |10. 28852 |10. 05207 | , | 9 94793 | 30 
Bd |) peesed | “oy lise 88080 |uce1679 | Sh 428321] 05214 | 94786 | 29 
BP. t n50480 | Toe oe BS5I0 1471709 (29 eco eezol jr, 05220 [2 94780 | 28 
BB 1 GoGhls | Ba Hera sS4eTpesatt740 (CS) ta ce28260 i14nG05227 [ea 94773 | 27 
Gd )| est6oa7 | Fe ii S408 ifeel771 \2)' 45528220 |.n205238 [oo 94767 | 26 
35 | 9.66562) 5, [1033438 | 9.71802 | 3, |10. 28198 |10.05240 | - | 9 94760 | 25 
36 |. 66586 33414 |. 71833 28167 | 05247 | 7 94753 | 24 
AY Wicsenel0)| 222 apna83860s|) 271863 | 9S) “Lane8ia7 ro. 05253 | 94747 | 23 
38 | . 66634 os " 33366 | | 71894 - 28106 | . 05260 | ¢ 94740 | 22 
BO Weapons || 2 iiren89342 fo5g1925 ES.) vee 28075 -|sn2 05266: | 5 94734 | 21 
40 | 9.66682 | 5, |10. 33318 | 9.71955 | 5, |10. 28045 |10. 05273 | _ | 9.94727 | 20 
41 |, 66706 | ™ . 33204 | . 71986 | 31 | .28014| . 05280 | § 94720 | 19 
42 | 166731 | 2° | 33260] | 72017 BA alms 27 988 eli 05286 [> 94714 | 18 
43 | 366755 | “37 | 332453) «72048 | 3) |e 327952] 05293 | / 94707 | 17 
fs) G6779 | BF | 2882212]\4572078 a 27922 | .05300 | ( 94700 | 16 
45 | 9.66803 | 5, |10. 33197 | 9.72109 | 3, |10. 27891 |10. 05306 | 7 | 9.94694 | 15 
46 | . 66827 "33173 | . 72140 #278604| 205313 |i 94687 | 14 
47 | 266851 | 2* |: 33149 | .. 72170 a . 27830 | . 05320 | § 94680 | 13 
48 | _66875| 2* | 133125] . 72201 2 -27799 | 05326 | 9 94674 | 12 
49 | | 66899 £83101 1.072231 | 2) Ghor27760 | 5. 05333 | -* 94667 | 11 
50 | 9.66922 | 5, 10. 33078 | 9.72262 | 5, /10. 27738 |10. 05340 | 4 | 9.94660] 10 
51 | .66946| 2 , 33054 | . 72203 | 34 | .27707 | ..05346 | 7 94654 | 9 
52. | =. 66970 | “24 || 2.88080;).-.72323 | 20 | : 27677 | . 05853 | > 94647 | 8 
53 | .66994| 24 | | 33006] . 72354 Bh ee 7040 ig, 05350 |e 94640 | 7 
54 | . 67018 a . 32082 | . 72384 | 3! |. 27616 | .05366 | 7 94634 | 6 
55 | 9. 67042 10. 32958 | 9.72415 | 3, |10. 27585 |10.05373 | 7 | 9.94627 | 5 
56 | 767066 || °27 (|.,, 920841). 72445 JES) |. 27555 )| 05380 | & |. 94620) a4 
57 | .67090| 25 | .32010| 72476 | 3, | .27524] .05386| 7 | .94614] 3 
58 | a 67113 | 22 ||. 328g7 | 272506 |* 32 | 27494] . 05303 | > | . 94807] 2 
59 | .67137| 24 | .32863| .72537| 34 | .27463| .05400/ 5 | .94600] 1 
60 | 9.67161 | 24 |10. 32839 | 9. 72567 10. 27433 |10. 05407 9.94593 | 0 
; 
t j i Diff. P 
117°> cos te sec cot a tan csc 1 sin «62° 
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TABLE 33 


Logarithms of Trigonometric Functions 


cos «151° 
v 


. 94593 
. 94587 
. 94580 
. 94573 
. 94567 


. 94560 
. 94553 
. 94546 
. 94540 
. 94533 


. 94526 
. 94519 
. 94513 
. 94506 
. 94499 


. 94492 
. 94485 
. 94479 
. 94472 
. 94465 


. 94458 
. 94451 
. 94445 
. 94438 
. 94431 


. 94424 
. 94417 
. 94410 
. 94404 
. 94397 


. 94390 
. 94383 
. 94376 
. 94369 
. 94362 


. 94355 
. 94349 
. 94342 
. 94335 
. 94328 


. 94321 
. 94314 
. 94307 
. 94300 
. 94293 
. 94286 
. 94279 
. 94273 
. 94266 
. 94259 


. 94252 
. 94245 
. 94238 
. 94231 
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TABLE 33 


Logarithms of Trigonometric Functions 


¥ 


tan . cot 


. 74375 . 25625 
. 74405 . 25595 
. 74435 . 25565 
. 74465 . 25535 
. 74494 . 25506 


. 74524 . 25476 
. 74554 . 25446 
. 74583 . 25417 
. 74613 . 25387 
. 74643 . 25357 


. 74673 . 25327 
. 74702 . 25298 
. 74732 . 25268 
. 74762 . 25238 
. 74791 . 25209 


. 74821 . 25179 
. 74851 . 25149 
. 74880 . 25120 
. 74910 . 25090 
. 74939 . 25061 


. 74969 . 25031 
. 74998 . 25002 
. 75028 . 24972 
. 75058 . 24942 
. 75087 . 24913 


5 Chiles . 24888 
. 75146 . 24854 
. 75176 . 24824 
. 75205 . 24795 
. 75235 . 24765 


. 75264 . 24736 
. 75294 . 24706 
. 753823 . 24677 
. 75353 . 24647 
. 75382 . 24618 


. 75411 . 24589 
. 75441 . 24559 
. 75470 . 24530 
. 75500 . 24500 
. 75529 . 24471 


. 75558 . 24442 
. 75588 . 24412 
. 75617 . 24383 
. 75647 . 24353 
. 75676 . 24324 


. 75705 . 24295 
. 75735 . 24265 
. 75764 . 24236 
. 75793 . 24207 
. 75822 . 24178 


. 75852 . 24148 
. 75881 | ° . 24119 
. 75910 . 24090 
. 75939 . 24061 
. 75969 . 24031 


. 75998 . 24002 
. 76027 . 23973 
. 76056 . 23944 
. 76086 . 23914 
. 76115 . 23885 
. 76144 . 23856 


l=) 
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TABLE 33 


Logarithms of Trigonometric Functions 


v 


cos «149° 
v 


. 93753 
. 93746 
. 93738 
. 93731 
. 93724 


. 93717 
. 93709 
. 93702 
. 93695 
. 93687 


. 93680 
. 93673 
. 93665 
. 93658 
. 93650 


. 93643 
. 93636 
. 93628 
. 93621 
. 93614 


. 93606 
. 93599 
. 93591 
. 93584 
. 93577 


. 93569 
. 93562 
. 93554 
. 93547 
. 93539 


. 93532 
. 93525 
. 93517 
. 93510 
. 93502 
. 93495 
. 93487 
. 93480 
. 93472 
. 93465 


. 93457 
. 93450 
. 93442 
. 93435 
. 93427 
. 93420 
. 93412 
. 93405 
. 93397 
. 93390 


. 93382 
. 93375 
. 93367 
. 93360 
. 93352 
. 93344 
. 93337 
. 93329 
. 93322 
. 93314 
. 93307 
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‘ TABLE 33 
Logarithms of Trigonometric Functions 

31° sin A csc tan re cot sec ak cos -148° 
v y 
0 9. 71184 21 10. 28816 | 9. 77877 29 10. 22123 |10. 06693 8 . 98307 60 
1 2 @1205 31 . 28795 . 77906 29 . 22094 . 06701 8 . 98299 59 
2 . 71226 1 . 28774 . 77935 28 . 22065 . 06709 7 . 93291 58 
3 B24 21 . 28753 . 77963 29 . 22037 . 06716 8 . 93284 LAO 
4 . 71268 21 . 28732 . 77992 28 . 22008 . 06724 7 . 938276 56 
Is 9, 71289 21 10. 28711 | 9. 78020 29 10. 21980 410. 06731 8 . 93269 55 
6 CO) 21 . 28690 . 78049 28 . 21951 . 06739 8 . 93261 54 
ve Helsol 21 . 28669 . 78077 29 . 21923 . 06747 7 NOa2os 53 
8 S T1352 21 . 28648 . 78106 29 . 21894 . 06754 8 . 93246 52 
0) USS} 20 . 28627 5 RSS) 98 . 21865 . 06762 8 . 93238 bal 
10 9. 71393 91 |10. 28607 | 9. 78163 29 10. 21837 }10. 06770 7 . 93230 50 
11 . 71414 31 . 28586 . 78192 28 . 21808 . 06777 8 . 93223 49 
1 . 71435 21 . 28565 . 78220 29 . 21780 . 06785 8 BOS2I5 48 
13 . 71456 21 . 28544 . 78249 98 5 Pagal . 06793 7 . 93207 47 
14 Baral (ad 31 . 28523 . 78277 29 5 PAGS . 06800 8 . 938200 46 
15 9. 71498 91 | 10. 28502 | 9. 78306 28 10. 21694 J10. 06808 8 . 93192 45 
16 . 71519 20 . 28481 . 78334 39 . 21666 . 06816 7 . 93184 44 
ily; . 71539 21 . 28461 . 78363 28 S216371 . 06823 8 . 93177 43 
18 . 71560 21 . 28440 . 78391 28 . 21609 . 06831 8 . 938169 42 
19 Salarewl 31 . 28419 . 78419 99 . 21581 . 06839 7 . 93161 41 
20 9. 71602 99 (|10. 28398 | 9. 78448 98 10. 21552 |10. 06846 8 . 93154 40 
Dall ES TG22 21 . 28378 . 78476 99 21524 . 06854 8 . 93146 39 
22 . 71643 31 . 28357 . 78505 28 . 21495 . 06862 7 . 93138 38 
23 . 71664 31 . 28336 . 78533 99 5 PSP . 06869 8 . 93131 37 
24 . 71685 20 5 ASS . 78562 28 . 21438 . 06877 8 . 93123 36 
25 ONTL705 91 |10. 28295 | 9. 78590 28 10. 21410 |10. 06885 7 . 938115 35 
26 ai 26 21 . 28274 . 78618 29 . 21382 . 06892 8 . 93108 34 
Di Ae: 20 . 28253 . 78647 98 E2S53 . 06900 8 . 93100 30 
28 5 (Akos 31 . 28233 . 78675 29 5 SOS . 06908 8 . 93092 oe 
29 . 71788 21 . 28212 . 78704 28 . 21296 . 06916 7 . 938084 31 
30 9. 71809 20 10. 28191 | 9. 78732 28 10. 21268 |10. 06923 8 . 938077 30 
31 . 71829 21 rele . 78760 29 . 21240 . 06931 8 . 93069 29 
32 . 71850 20 . 28150 . 78789 28 5 PUPAL . 06939 8 . 93061 28 
30 . 71870 21 . 28130 . 78817 98 . 21183 . 06947 7 . 98053 Px 
34 . 71891 20 . 28109 . 78845 99 5 PANGS) . 06954 8 . 93046 26 
35 9. 71911 91 |10. 28089 | 9. 78874 28 10. 21126 |10. 06962 8 . 93038 25 
36 . 719382 20 . 28068 . 78902 28 . 21098 . 06970 8 . 93080 24 
37 71952 31 . 28048 . 78930 29 . 21070 . 06978 8 . 93022 23 
38 . 71973 21 . 28027 . 78959 28 . 21041 . 06986 7 . 93014 22 
39 . 71994 20 . 28006 . 78987 28 . 21013 . 06993 8 . 93007 21 
40 9. 72014 20 10. 27986 | 9. 79015 28 10. 20985 ]10. 07001 8 . 92999 20 
41 . 72034 21 . 27966 . 79043 29 . 20957 . 07009 8 . 92991 19 
42 T2000 20 . 27945 . 79072 28 . 20928 . 07017 7 . 92983 18 
43 . 72075 21 . 27925 . 79100 28 . 20900 . 07024 8 . 92976 i? 
44 . 72096 20 . 27904 . 79128 28 . 20872 . 07032 8 . 92968 16 
45 9. 72116 91 10. 27884 | 9. 79156 29 10. 20844 |10. 07040 | ¢ . 92960 5) 
46 5 Peay 20 . 27863 . 79185 98 . 20815 . 07048 8 . 92952 14 
47 Si2ilon 20 . 27843 OPS} 98 . 20787 . 07056 8 . 92944 13 
48 2 PL EE 21 . 27823 . 79241 98 . 20759 . 07064 7 . 92936 ie 
49 . 72198 20 . 27802 . 79269 98 5 PAD 3 07071 | 3 . 92929 11 
50 9. 72218 99 (| 10. 27782 | 9. 79297 99 10. 20703 |10. 07079 8 . 92921 10 
‘sil . 72238 31 5 EMS? . 79326 28 . 20674 . 07087 8 . 92913 9 
52 . 72259 20 . 27741 . 79354 28 . 20646 . 07095 | ¢ . 92905 8 
53 . 72279 20 SP PA . 79382 28 . 20618 . 07103 | 9 . 92897 7 
54 . 72299 21 . 27701 . 79410 28 . 20590 SOWILE | og . 92889 | 6 
ao) 9. 72320 20 10. 27680 | 9. 79438 28 10. 20562 ]10. 07119 | 7 . 92881 5 
56 . 72340 20 . 27660 . 79466 59 . 20534 . 07126 8 . 92874 4 
Se . 72360 91 . 27640 . 79495 28 . 20505 . 07134 8 . 92866 3 
58 . 72381 20 . 27619 . 79523 28 . 20477 . 07142 8 . 92858 2 
59 . 72401 20 . 27599 sam 98 . 20449 Oia 0 8 . 92850 i 

60 9. 72421 10. 27579 | 9. 79579 10. 20421 |10. 07158 , 92842 Os 
nN ; : : A nN 

121°> cos ae sec cot rae tan csc oc sin <58° 
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TABLE 33 


Logarithms of Trigonometric Functions 


¥ 


cos «147° 
v 


. 07158 
. 07166 
. 07174 
. 07182 
. 07190 


9. 92842 
. 92834 
. 92826 
. 92818 
. 92810 


. 07197 
. 07205 
. 07213 
. 07221 
. 07229 


(JS) 
WIPE) meme | © hy 


. 92803 
. 92795 
. 92787 
. 92779 
. 92771 


. 07237 
. 07245 
. 07258 
. 07261 
. 07269 


. 92763 
. 92755 
~ 92747 
. 92739 
. 92731 


. 07277 
. 07285 
. 07293 
. 07301 
. 07309 


. 92723 
. 92715 
. 92707 
. 92699 
. 92691 


. 07317 
. 07325 
. 07333 
. 07341 
. 07349 


. 92683 
. 92675 
. 92667 
. 92659 
. 92651 


. 07357 
. 07365 
. 07373 
. 07381 
. 07389 


. 92643 
. 92635 
. 92627 
. 92619 
. 92611 


. 07397 
. 07405 
. 07413 
. 07421 
. 07429 


. 92603 
. 92595 
. 92587 
. 92579 
. 92571 


. 07437 
. 07445 
. 07454 
. 07462 
. 07470 


. 92563 
. 92555 
. 92546 
. 92538 
. 92530 


. 07478 
. 07486 
. 07494 
. 07502 
. 07510 


. 92522 
. 92514 
. 92506 
. 92498 
. 92490 


. 07518 
. 07527 
. 07535 
. 07543 
. 07551 


. 92482 
. 92473 
. 92465 
. 92457 
. 92449 


. 07559 
. 07567 
. 07575 
. 07584 
. 07592 


. 07600 
. 07608 
. 07616 
. 07624 
. 07633 
. 07641 


. 92441 
. 92433 
. 92425 
. 92416 
. 92408 


. 92400 
. 92392 
. 92384 
. 92376 
. 92367 
. 92359 


csc 


U 
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TABLE 33 
Logarithms of Trigonometric Functions 

33°> sin iy csc tan ti cot sec oa cos -146° 
v v 
0 | 9. 73611 19 10. 26389 el252 27 10. 18748 |10. 07641 8 92359 60 
1 . 73630 20 . 26370 . 81279 28 . 18721 . 07649 8 92351 59 
2 . 73650 19 26350 . 813807 28 . 18693 . 07657 8 92343 58 
3 . 73669 20 26331 . 818385 27 . 18665 . 07665 9 92335 57 
4 . 73689 19 26311 . 81362 28 . 18638 . 07674 8 92326 56 
5 9. 73708 19 10. 26292 . 81390 28 10. 18610 ]10. 07682 8 92318 55 
6 1320 20 . 26273 . 81418 27 . 18582 . 07690 8 92310 54 
7 . T3747 19 . 26253 . 81445 28 . 18555 . 07698 9 92302 oo 
8 . 73766 19 . 26234 . 81473 27 . 18527 . 07707 8 92293 52 
9 . 73785 20 . 26215 . 81500 28 . 18500 . 07715 8 92285 OL 
10 | 9. 73805 19 10. 26195 . 81528 28 10. 18472 ]10. 07723 8 92277 50 
11 . 738824 19 . 26176 . 81556 27 . 18444 . 07731 9 92269 49 
12 . 73843 20 26157 . 81583 28 . 18417 . 07740 8 92260 48 
ite} . 73863 19 26137 . 81611 27 . 183889 . 07748 8 92252 47 
14 . 73882 19 26118 . 81638 28 . 18362 . 07756 9 92244 46 
15 9. 73901 20 10. 26099 . 81666 27 10. 18334 }10. 07765 8 92235 45 
16 . 73921 19 26079 . 81693 28 . 18307 . 077738 8 92227 44 
WA . 73940 19 26060 . 81721 27 . 18279 . 07781 8 92219 43 
18 . 73959 19 26041 . 81748 28 . 18252 . 07789 9 92211 42 
19 . 73978 19 26022 eel Ce 27 . 18224 . 07798 8 92202 41 
20 9. 73997 99 _-—*|10. 26003 . 81803 28 10. 18197 ]10. 07806 8 92194 40 
21. . 74017 19 25983 . 81831 27 . 18169 . 07814 9 92186 39 
22 . 74036 19 25964 . 81858 28 . 18142 . 07823 8 92177 38 
23 . 74055 19 25945 . 81886 27 . 18114 . 07831 8 92169 37 
24 . 74074 19 25926 . 81913 28 . 18087 . 07839 9 92161 36 
25 9. 74093 99 -|10. 25907 . 81941 27 10. 18059 |10. 07848 8 92152 35 
26 . 74113 19 25887 . 81968 28 . 18032 . 07856 8 92144 34 
27 . 74132 19 25868 . 81996 27 . 18004 . 07864 9 92136 33 
28 . 74151 19 25849 . 82023 28 Lt OT 7 . 07873 8 92127 32 
29 . 74170 19 25830 . 82051 27 . 17949 . 07881 8 92119 31 
30 | 9. 74189 19 |10. 25811 . 82078 28 10. 17922 |10. 07889 9 92111 30 
31 . 74208 19 25792 . 82106 27 . 17894 | . 07898 8 92102 29 
32 5 LGPL 19 25773 . 82133 28 . 17867 . 07906 8 92094 28 
33 . 74246 19 25754 . 82161 27 . 17839 . 07914 9 92086 27 
34 . 74265 19 25735 . 82188 27 . 17812 . 07923 8 92077 26 
35 9. 74284 19 |10. 25716 . 82215 28 10. 17785 10. 07931 9 92069 25 
36 . 74303 19 25697 . 82243 27 17757 . 07940 8 92060 24 
3M J4322 19 25678 . 82270 28 . 17730 . 07948 8 92052 23 
38 . 74841 19 25659 . 82298 27 . 17702 . 07956 9 92044 22 
39 . 74360 19 25640 . 82325 27 5 aledias) . 07965 8 92035 21 
40 | 9. 74379 19 10. 25621 . 82352 28 10. 17648 |10. 07973 9 92027 20 
4] . 74398 19 25602 . 82380 27 . 17620 . 07982 8 92018 19 
42 . 74417 19 25583 . 82407 28 . 17593 . 07990 8 92010 18 
43 . 74436 19 25564 . 82435 27 . 17565 . 07998 9 92002 17 
44 . 74455 19 25545 . 82462 27 . 17538 . 08007 8 91993 16 
45 9. 74474 19 10. 25526 . 82489 28 10. 17511 J10. 08015 9 91985 15 
46 . 74493 19 25507 S20l7 97 . 17483 . 08024 8 91976 14 
47 5 SI 19 25488 . 82544 97 . 17456 . 08032 9 91968 13 
48 . 74531 18 25469 . 82571 28 . 17429 . 08041 8 91959 12 
49 . T4549 19 25451 . 82599 27 . 17401 . 08049 9 91951 11 
50 | 9. 74568 19 10. 25432 . 82626 27 10. 17374 10. 08058 8 91942 10 
51 . 74587 19 25413 . 82653 28 . 17347 . 08066 9 91934 9 
52 . 74606 19 25394 . 82681 97 . 17319 . 08075 8 91925 8 
53 . 74625 19 25375 . 82708 27 . 17292 . 08083 9 91917 a 

54 . 74644 18 25356 . 82735 97 . 17265 . 08092 8 91908 @] 
55 9. 74662 19 10. 25338 . 82762 28 10. 17238 }10. 08100 9 91900 5 
56 . 74681 19 . 25319 . 82790 27 lO . 08109 8 91891 4 
57 . 74700 19 . 25300 . 82817 97 mass . 08117 9 91883 3 
58 . 74719 18 . 25281 . 82844 97 Li56 . 08126 8 91874 2 
59 . T4737 19 225203 . 82871 98 . 17129 . 08134 | 9 91866 1 
60 | 9. 74756 10. 25244 . 82899 10. 17101 }10. 081438 91857 0 
t . ‘ : t 

123°> cos aie sec cot ii tan csc ee sin <56° 
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TABLE 33 
Logarithms of Trigonometric Functions 

34°> sin a csc tan sae cot sec ia cos «145° 
v Y 
O | 9. 74756 jg |10. 25244 | 9. 82899 | 4, |10. 17101 ]10. 08143 | ¢ 9.91857 | 60 
1 . T4775 19 - 25225 | . 82926 | 97 . 17074 | . 08151 | 9 . 91849 | 59 
2 . 74794 18 - 25206 | . 82953 | 97 - 17047 | . 08160 | ¢ . 91840 | 58 
3 . 74812 19 - 25188 | . 82980 | 52 . 17020 | . 08168 | g . 91832 | 57 
4 . 74831 19 . 25169 | . 83008 | 57 16992 | . 08177 | ¢ . 91823 | 56 
5 | 9. 74850 1g |10. 25150 | 9. 83035 | 47 |10. 16965 ]10. 08185 | 9 | 9.91815 55 
6 . 74868 19 . 25132 | . 83062 | 957 . 16938 | . 08194 8 . 91806 | 54 
7 . 74887 19 . 25113 | . 83089 | 58 . 16911 . 08202 | 9 . 91798 | 53 
8 . 74906 18 - 25094 | . 83117 | 5 - 16883 | . 08211 | ¢ . 91789 | 52 
9 . 74924 19 25076 |. 83144 | 52 - 16856 |. 08219 | 9 . 91781 51 
10 | 9. 74943 1g |10. 25057 | 9. 83171 97 |10. 16829 ]10. 08228 | g | 9.91772 | 50 
11 . 74961 19 . 25039 | . 83198 | 5 - 16802 | . 082387 | 3 . 91763 | 49 
12 . 74980 19 . 25020 | . 83225 27 - 16775 | . 08245 | g .91755 | 48 
13 . 74999 18 - 25001 | . 83252 | 58 - 16748 | . 08254 | ¢ . 91746 | 47 
14 . 75017 19 _ 24983 |. 83280 | 957 16720 |_ . 08262 | 9g . 91738 | 46 
15 | 9. 75036 1g | 10. 24964 | 9. 83307 | 57 10. 16693 }10. 08271 | 9 | 9.91729 | 45 
16 . 75054 19 . 24946 | . 83334 | 54 - 16666 | . 08280 | 9 .91720 | 44 
17 . 75073 18 . 24927 | . 83361 27 . 16639 | . 08288 | 9 91712 | 43 
18 . 75091 19 - 24909 | . 83388 | 957 . 16612 | . 08297 | ¢ . 91703 | 42 
19 . 75110 18 - 24890 |. 83415 | 54 16585 |. 08305 | 9g . 91695 | 41 
20 | 9. 75128 19  |10. 24872 | 9. 83442 | og 10. 16558 |10. 08314 | 9 | 9.91686 | 40 
21 . 75147 18 . 24853 | . 83470 | 35- - 16530 | . 08323 | ¢ EIGHT a ov 
22 . 75165 19 . 24835 | . 83497 97 - 16503 | . 08331 | 9 . 91669 | 38 
23 . 75184 18 . 24816 | . 83524 27 . 16476 | . 08340 | go . 91660 | 37 
24 . 15202 19 . 24798 . 83551 27 . 16449 . 08349 8 . 91651 36 
25 | 9. 75221 1g |10. 24779 | 9. 83578 | 57 |10. 16422 110. 08357 | 9 | 9.91643 | 35 
26 . 75239 19 . 24761 . 83605 27 . 16395 . 08366 9 . 91634 34 
27 . 75258 18 24742 | . 83632 | 52 . 16368 | . 08875 | ¢ . 91625 | 33 
28 . 15276 18 . 24724 | . 83659 27 . 16341 - 08383 | 9 . 91617 32 
29 . 75294 19 . 24706 |. 83686 | 52 16314 |. 08392 | 9 . 91608 | 31 
30 | 9. 75313 18 10. 24687 | 9.83713 | 57 10. 16287 ]10. 08401 | ¢ | 9.91599 | 30 
31 . 75331 19 . 24669 | . 83740 | 58 - 16260 | . 08409 | g . 91591 29 
32 . 75350 18 . 24650 | . 83768 | 5 . 16232 | . 08418 | g . 91582 | 28 
33 . 75368 18 524632 1° 283795 | 65 - 16205 | . 08427 | ¢ 91573 | 27 
34 . 75386 19 . 24614 | . 83822 57 16178 |. 08485 | 9 . 91565 26 
35 9. 75405 18 10. 24595 | 9. 83849 oy |10. 16151 }10. 08444 9 9. 91556 25 
36 . 75423 18 . 24577 | . 83876 27 - 16124 | . 08453 | g . 91547 24 
37 . 75441 18 . 24559 . 83903 o7 . 16097 . 08462 8 . 91538 23 
38 . 75459 19 . 24541 . 83930 57 - 16070 | . 08470 | 9 . 91530 | 22 
39 . 75478 18 . 24522 | . 83957 27 16043 | . 08479 | g . 91521 2 
40 | 9. 75496 1g |10. 24504 | 9. 83984 97 10. 16016 10. 08488 | g | 9.91512 | 20 
41 . 75514 19 . 24486 . 84011 27 . 15989 . 08496 9 . 91504 19 
42 . 75533 18 . 24467 | . 84038 | 52 . 15962 | . 08505 | 9g . 91495 18 
43 . 75551 18 . 24449 . 84065 27 . 15935 . 08514 9 . 91486 Wi 
44 . 75569 18 . 24431 . 84092 27 . 15908 . 08523 8 . 91477 16 
45 9. 75587 18 10. 24413 | 9. 84119 27 10. 15881 10. 08531 9g | % 91469 15 
46 . 75605 19 . 24395 . 84146 97 . 15854 . 08540 | 9g . 91460 14 
47 . 75624 18 . 24376 . 84173 2 . 15827 . 08549 9 . 91451 13 
48 . 75642 18 . 24358 . 84200 27 . 15800 . 08558 9 . 91442 12 
49 . 75660 18 . 24340 . 84227 27 . 15773 . 08567 8 . 91433 iMah 
50 | 9.75678 | 4, |10. 24322 | 9.84254 | 5, 10. 15746 |10. 08575 | g | 9.91425 | 10 
51 . 75696 18 . 24304 | . 84280 | 5- . 15720 | . 08584 | 9 . 91416 9 
52 . 75714 19 . 24286 | . 84307 97 . 15693 | . 08593 | g . 91407 8 
53 . 15733 18 WOA967 [284334 | mene . 15666 | . 08602 | 9 . 91398 @ 
_ we 15751 18 . 24249 . 84361 27 . 15639 . 08611 8 . 91389 6 
55 | 9. 75769 1g |10. 24231 | 9. 843888 | 57 |10. 15612 |10. 08619 | g | 9. 91381 5 
56 . 15787 18 . 24213 . 84415 ral . 15585 . 08628 9 . 91372 4 
Ne . 75805 18 . 24195 } . 84442 97 . 15558 08637 | 9 . 91363 3 
58 . 75823 18 . 24177 . 84469 oy 15531 08646 9 . 91354 2 
59 . 75841 18 . 24159 . 84496 27 . 15504 . 08655 9 . 91345 1 
60 9. 75859 10. 24141 | 9. 84523 ‘ 110. 15477 |10. 08664 9. 91336 0 
t ; ; : t 

124°> cos me sec cot ae tan esc ae sin «55° 
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TABLE 33 
Logarithms of Trigonometric Functions 
35° sin a csc tan Ue cot sec nis cos «144° 
v v 
O | 9. 75859 1g |10. 24141 84523 97 10. 15477 |10. 08664 8 91336 60 
1 . (5877 18 . 24123 84550 26 15450 | . 08672 9 91328 59 
2 . 75895 18 . 24105 84576 o7 15424 . 08681 9 91319 58 
3 . 75913 18 . 24087 84603 7 15397 | . 08690 9 91310 57 
4 . 75931 18 . 24069 84630 27 15370 | . 08699 9 91301 56 
5 | 9. 75949 1g |10. 24051 84657 97 |10. 15343 |10. 08708 9 91292 55 
6 . 75967 18 . 24033 84684 27 15316 . 08717 9 91283 54 
7 . 75985 18 . 24015 84711 27 15289 . 08726 8 91274 53 
8 . 76003 18 . 23997 84738 26 15262 . 08734 9 91266 52 
9 . 76021 18 . 23979 84764 97 15236 | . 087438 9 91257 blll 
10 | 9. 76039 1g 10. 23961 84791 97 |10. 15209 |10. 08752 9 91248 50 
11 . 76057 18 . 23943 84818 27 15182 . 08761 9 91239 49 
12 . 76075 18 . 23925 84845 27 15155 . 08770 9 91230 48 
13 . 76093 18 . 23907 84872 97 15128 | . 08779 9 91221 47 
14 pat Acyl hil 18 . 23889 84899 26 15101 . 08788 9 91212 46 
15 9. 76129 17 10. 23871 84925 27 10. 15075 }10. 08797 9 91203 45 
16 . 76146 18 . 23854 84952 27 15048 | . 08806 9 91194 44 
17 . 76164 18 . 23836 84979 7 15021 . 08815 9 91185 43 
18 . 76182 18 . 23818 85006 27 14994 | . 08824 | 9 91176 42 
19 . 76200 18 . 23800 85033 yn 14967 | . 08833 9 91167 4] 
20 | 9. 76218 1g |10. 23782 85059 97 |10. 14941 |10. 08842 9 91158 40 
21 . 76236 17 . 23764 85086 27 14914 . 08851 8 91149 39 
22 . 76253 18 . 23747 85113 27 14887 . 08859 9 91141 38 
23 . 76271 18 . 23729 85140 26 14860 | . 08868 9 91132 37 
24 . 76289 18 . 23711 85166 7 14834 . 08877 9 91123 36 
25 | 9. 76307 17 |10. 23693 85193 27 10. 14807 |10. 08886 9 91114 35 
26 . 76324 18 . 23676 85220 27 14780 | . 08895 9 91105 34 
27 . 76342 18 . 23658 85247 26 14753 | . 08904 9 91096 33 
28 . 76360 18 . 23640 85273 27 14727 | . 08913 9 91087 32 
29 . 76378 17 . 23622 85300 57 14700 | . 08922 9 91078 | 31 
30 | 9. 76395 1g |10. 23605 85327 27 10. 14673 |10. 08931 9 91069 30 
31 . 76413 18 . 238587 85354 26 14646 . 08940 9 91060 29 
32 . 76431 17 . 23569 85380 7 14620 | . 08949 9 91051 28 
33 . 76448 18 . 238552 85407 27 14593 . 08958 9 91042 27 
34 . 76466 18 . 23534 85434 26 14566 | . 08967 | 15 91033 26 
35 | 9. 76484 17 |10. 28516 85460 27 10. 14540 |10. 08977 9 91023 25 
36 . 76501 18 . 23499 85487 27 14513 | . 08986 9 91014 24 
37 . 76519 18 . 23481 85514 26 14486 . 08995 9 91005 23 
38 . 16537 17 . 23463 85540 7 14460 } . 09004 9 90996 22 
39 . 76554 18 . 23446 85567 7 14433 . 09013 9 90987 21 
40 | 9. 76572 1g |10. 23428 85594 96 | 10. 14406 10. 09022 9 90978 20 
41 . 76590 17 . 23410 85620 27 14380 . 09031 9 90969 19 
42 . 76607 18 . 23393 85647 27 14353 . 09040 9 90960 18 
43 . 76625 17 . 23375 85674 26 14326 | . 09049 9 90951 iG 
44 . 76642 18 . 23358 85700 27 14300 . 09058 9 90942 16 
45 | 9. 76660 17 |10. 23340 85727 27 10. 14273 |10. 09067 9 90933 15 
46 . 76677 18 . 23323 85754 26 14246 | . 09076 9 90924 14 
47 . 76695 17 . 23305 85780 27 14220 | . 09085 9 90915 13 
48 . 76712 18 . 23288 85807 27 14193 . 09094 10 90906 12 
49 . 76730 17 . 23270 85834 26 14166 . 09104 9 90896 11 
50 9. 76747 18 10. 23253 85860 27 10. 14140 }10. 09113 9 90887 10 
51 . 76765 17 . 23235 85887 26 14113 . 09122 9 90878 9 
52 . 76782 18 . 23218 85913 27 14087 . 09131 9 90869 8 
53 . 76800 17 . 23200 85940 27 14060 | . 09140 9 90860 7 
54 . 76817 18 . 23183 85967 26 14033 . 09149 9 90851 6 
55 9. 76835 17 10. 23165 85993 27 10. 14007 |10. 09158 10 90842 5 
56 . 76852 18 . 23148 86020 26 13980 | . 09168 9 90832 4 
57 . 76870 17 . 23130 86046 27 13954 . 09177 9 90823 3 
58 . 76887 17 . 23113 86073 27 13927 . 09186 9 90814 2 
59 . 76904 18 . 23096 86100 26 . 13900 | . 09195 9 90805 1 
60 | 9. 76922 10. 23078 86126 10. 13874 |10. 09204 | 90796 0 
t * 
125°> cos Ne sec cot ae tan csc ae sin <54° 
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TABLE 33 
Logarithms of Trigonometric Functions 
ET EE ee aa, 
36°> sin wr csc tan a cot sec pe cos «143° 
L 4 
0 9. 76922 17 10. 23078 | 9. 86126 97 10. 138874 }10. 09204 9 9. 90796 60 
1 76939 18 23061 . 86153 26 13847 09213 10 . 90787 59 
2 76957 17 23043 . 86179 27 13821 09223 9 . 90777 58 
3 76974 17 23026 . 86206 26 13794 09232 9 . 90768 Bip 
4 76991 18 23009 . 86232 97 13768 09241 9 . 90759 56 
5 9. 77009 17 10. 22991 | 9. 86259 26 10. 18741 |10. 09250 9 9. 90750 bo 
6 77026 17 22974 . 86285 97 13715 09259 10 . 90741 54 
7 77043 18 22957 . 86312 26 13688 09269 9 . 90731 53 
8 77061 17 22939 . 86338 27 13662 09278 9 . 90722 52 
9 77078 17 22922 . 86365 97 13635 09287 9 . 90713 51 
10 9. 77095 17 10. 22905 | 9. 86392 26 10. 13608 }10. 09296 10 9. 90704 50 
1] afl UY 18 22888 . 86418 97 13582 09306 9 . 90694 49 
12 20130 17 22870 . 86445 26 13555 09315 9 . 90685 48 
13 . 77147 17 22853 . 86471 27 13529 09324 9 . 90676 47 
14 . 77164 17 22836 . 86498 26 13502 09333 10 . 90667 46 
1% 9. 77181 18 10. 22819 | 9. 86524 27 10. 138476 }10. 09343 9 9. 90657 45 
16 . 77199 17 22801 . 86551 26 13449 09352 9 . 90648 44 
17 77216 17 22784 . 86577 26 13423 09361 9 . 90639 43 
18 77233 17 22767 . 86603 7 13397 09370 10 . 90630 42 
19 77250 18 22750 . 86630 6 13370 09380 9 . 90620 41 
20 9. 77268 17 10. 22732 | 9. 86656 97 10. 13344 |10. 09389 9 9. 90611 40 
21 77285 17 22715 . 86683 6 13317 09398 10 . 90602 39 
22 77302 17 22698 . 86709 97 13291 09408 9 . 90592 38 
23 77319 17 22681 . 86736 26 13264 09417 9 . 90583 3 
24 ooo 17 22664 . 86762 27 13238 09426 9 . 90574 36 
25 9. 77353 17 10. 22647 | 9. 86789 26 10. 13211 |10. 09435 10 9. 90565 35 
26 . 77370 17 22630 . 86815 97 13185 09445 9 . 90555 34 
27 77387 18 22613 . 86842 26 13158 09454 9 . 90546 33 
28 . 77405 17 22595 . 86868 26 13132 09463 10 . 90537 32 
29 SLD, 17 22578 . 86894 97 13106 09473 9 . 90527 31 
30 9. 774389 17 10. 22561 | 9. 86921 26 10. 18079 J10. 09482 9 9. 90518 30 
31 77456 17 22544 . 86947 97 . 18053 09491 10 . 90509 29 
32 77473 17 22527 . 86974 26 . 13026 09501 9 . 90499 28 
33 . 77490 17 22510 . 87000 27 . 13000 09510 10 . 90490 Pi 
34 . 77507 7 22493 . 87027 26 . 12973 09520 9 . 90480 26 
35 9. 77524 17 10. 22476 | 9. 87053 26 10. 12947 }10. 09529 9 9. 90471 25 
36 77541 17 22459 . 87079 97 » 12921 09538 10 . 90462 24 
37 77558 17 22442 . 87106 26 . 12894 09548 9 . 90452 23 
38 77575 17 22425 . 87132 26 . 12868 09557 9 . 90443 22 
39 77592 17 22408 . 87158 97 . 12842 09566 10 . 90434 21 
40 9. 77609 17 10. 22391 | 9. 87185 26 10. 12815 }10. 09576 9 9. 90424 20 
41 77626 17 22374 steal 97 . 12789 09585 10 90415 19 
42 77643 17 22357 . 87238 26 . 12762 09595 9 . 90405 18 
43 77660 17 22340 . 87264 26 . 12736 09604 10 . 90396 ily 
44 77677 17 22323 . 87290 97 12720 09614 9 . 90386 16 
45 9. 77694 17 10. 22306 | 9. 87317 26 10. 12683 |10. 09623 9 9. 90377 15 
46 Sareea ial 17 22289 . 87343 26 . 12657 09632 10 . 90368 14 
47 a hihiteds: 16 22212 . 87369 7 . 12631 09642 9 . 90358 1183 
48 . 17744 17 22256 . 87396 26 . 12604 09651 10 . 903849 12 
49 nm TTR 17 22239 . 87422 26 12578 09661 9 . 90339 ial 
50 9. 77778 17 10. 22222 | 9. 87448 27 10. 12552 |10. 09670 10 9. 90330 10 
51 . 77795 17 22205 . 87475 26 m5 25 09680 9 . 90320 9 
52 77812 17 22188 . 87501 26 . 12499 09689 10 . 90311 8 
53 77829 17 PAW Al . 87527 97 . 12473 09699 9 . 90301 7 
54 77846 16 22154 . 87554 26 . 12446 09708 10 . 90292 6 
oD 9. 77862 17 10. 22138 | 9. 87580 26 10. 12420 |10. 09718 9 9. 90282 li 
56 77879 17 22121 . 87606 27 . 12394 09727 10 . 90273 4 
57 77896 17 22104 . 87633 26 . 12367 09737 9 . 90263 3 
58 77913 17 22087 . 87659 26 . 12341 09746 10 . 90254 2 
59 . 77930 16 22070 . 87685 26 5 ABI} . 09756 9 . 90244 1 
60 9. 77946 10. 22054 | 9. 87711 10. 12289 }10. 09765 “ | 9. 90235 0 
t . p t 
126° cos pe sec cot sg tan esc ta sin <5 3° 
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TABLE 33 
Logarithms of Trigonometric Functions 
° ; i : ‘ 
37 > sin be csc tan tie cot sec via cos -142° 

L 

0 9. 77946 10. 22054 | 9. 87711 9 10. 12289 |10. 09765 9. 90235 60 
Del Lees | ee 22037 | .87738 | 30 | 12262] .09775| 10] 90225 | 59 
2 - 77980 17 22020 . 87764 26 . 12236 . 09784 10 . 90216 58 
3 . 17997 16 22003 . 87790 27 5 LPC) . 09794 9 . 90206 it 
4 . 780138 7 21987 . 87817 26 . 12183 . 09803 10 . 90197 56 
5 9. 78030 17 10. 21970 | 9. 87843 26 10. 12157 110. 09813 9 9. 90187 55 
6 . 78047 16 21953 . 87869 26 4 Pas . 09822 10 . 90178 54 
is - 78063 17 21937 . 87895 27 . 12105 . 09832 9 . 90168 53 
8 . 78080 17 21920 . 87922 26 . 12078 . 09841 10 . 90159 52 
9 . 78097 16 21903 . 87948 26 » 12052 . 09851 10 . 90149 51 
10 9. 78113 17 10. 21887 | 9. 87974 26 10. 12026 }10. 09861 9 9. 90139 50 
11 . 78130 17 21870 . 88000 97 . 12000 . 09870 10 . 90130 49 
1 . 78147 16 21853 . 88027 26 . 11973 . 09880 9 . 90120 48 
13 . 78163 17 21837 . 88053 26 . 11947 . 09889 10 . 90111 47 
14 . 78180 17 21820 . 88079 26 mehOZ i . 09899 10 . 90101 46 
15 9. 78197 16 10. 21803 | 9. 88105 26 10. 11895 10. 09909 9 9. 90091 45 
16 . 78213 17 21787 . 88131 27 . 11869 . 09918 10 . 90082 44 
17 . 78230 16 21770 . 88158 26 . 11842 , 09928 9 . 90072 43 
18 . 78246 17 21754 . 88184 26 . 11816 . 09937 10 . 90063 42 
19 . 78263 17 Pailrfessvl . 88210 26 . 11790 . 09947 10 . 90053 41 
20 9. 78280 16 10. 21720 | 9. 88236 26 10. 11764 10. 09957 9 9. 90043 40 
21 . 78296 17 21704 . 88262 7 . 11738 . 09966 10 . 90034 39 
22 PSols 16 21687 . 88289 26 = kikreilil . 09976 10 . 90024 38 
23 . 78329 17 21671 . 88315 26 . 11685 . 09986 9 . 90014 Sy 
24 . 78346 16 21654 . 88341 26 . 11659 . 09995 10 . 90005 36 
25 9. 78362 17 10. 21638 | 9. 88367 26 10. 11633 }10. 10005 10 9. 89995 35 
26 . 78379 16 21621 . 88393 27 . 11607 . 10015 9 . 89985 34 
27 . 78395 17 21605 . 88420 26 . 11580 . 10024 10 . 89976 33 
28 . 78412 16 21588 . 88446 26 oe Lalas! . 10034 10 . 89966 32 
29 . 78428 17 21572 . 88472 26 . 11528 . 10044 9 . 89956 ill 
30 9. 78445 16 10. 21555 | 9. 88498 26 10. 11502 10. 10053 10 9. 89947 30 
31 . 78461 17 21539 . 88524 26 . 11476 . 10063 10 . 89937 29 
32 . 78478 16 21522 . 88550 27 . 11450 . 10073 9 . 89927 28 
33 . 78494 16 21506 . 88577 26 . 11423 . 10082 10 . 89918 20 
34 . 78510 17 21490 . 88603 26 . 11397 . 10092 10 . 89908 26 
35 9. 78527 16 10. 21473 | 9. 88629 26 10. 11371 }10. 10102 10 9. 89898 25 
36 . 785438 17 21457 . 88655 26 . 11345 . 10112 9 . 89888 24 
37 . 78560 16 21440 . 88681 26 . 11319 lO 10 . 89879 23 
38 . 78576 16 21424 . 88707 26 . 11293 . 101381 10 . 89869 22, 
39 . 18592 17 21408 . 88733 26 . 11267 . 10141 10 . 89859 21 
40 9. 78609 16 10. 21391 | 9. 88759 27 10. 11241 310. 10151 9 9. 89849 20 
41 . 78625 17 21375 . 88786 26 . 11214 . 10160 10 . 89840 19 
A2 . 78642 16 21358 . 88812 26 . 11188 . 10170 10 . 89830 18 
43 . 78658 16 21342 . 88838 26 a lal ey . 10180 10 . 89820 17 
44 . 78674 17 21326 . 88864 26 . 11136 . 10190 9 . 89810 16 
45 9. 78691 16 10. 21309 | 9. 88890 26 10. 11110 410. 10199 10 9. 89801 15 
46 . 78707 16 21293 . 88916 26 . 11084 . 10209 10 . 89791 14 
47 . 78723 16 PAPEETE . 88942 26 . 11058 . 10219 10 . 89781 13 
48 . 78739 17 21261 . 88968 26 . 11032 . 10229 10 . 89771 Ne 
49 . 78756 16 21244 . 88994 26 . 11006 . 10239 9 . 89761 11 
50 9. 78772 16 10. 21228 | 9. 89020 26 10. 10980 }10. 10248 10 9. 89752 10 
51 . 78788 17 21212 . 89046 97 . 10954 . 10258 10 . 89742 9 
52 . 78805 16 21195 . 89073 26 . 10927 . 10268 10 . 89732 8 
53 . 78821 16 21179 . 89099 26 . 10901 . 10278 10 . 89722 7 
54 . 78837 16 21163 . 89125 26 . 10875 . 10288 10 . 89712 6 
55 9. 78853 16 10. 21147 | 9. 89151 26 10. 10849 |10. 10298 9 9. 89702 5 
56 . 78869 17 21131 . 89177 26 . 10823 . 10307 10 . 89693 4 
OM . T8886 16 21114 . 89203 26 . 10797 5 ICBM 7 10 . 89683 3 
58 . 78902 16 21098 . 89229 26 eeLOMaen 03827 10 . 89673 2 
59 . 78918 16 . 21082 . 89255 26 . 10745 » 10337 10 . 89663 i 
60 9. 78934 10. 21066 | 9. 89281 10. 10719 ]10. 10347 9. 89653 0 
- 5 : ‘ t 

127° cos st sec cot es tan csc ae sin <52° 
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TABLE 33 
Logarithms of Trigonometric Functions 
38° sin mie csc tan et cot sec me cos «141° 

¥ Y 
0 9. 78934 10. 21066 . 89281 10. 10719 ]10. 10347 9. 89653 60 
1 | «e950 | 2 |< so1050 Ia <gog07 | 20 jccoegs fi s10357 | 4) | 3280843 } 89 
2 . 78967 16 | POR? . 89333 26 . 10667 . 10367 9 . 89633 58 
3 . 78983 16 ~ Ge . 89359 26 . 10641 . 10376 10 . 89624 57 
4 . 78999 16 . 21001 . 89385 26 . 10615 . 10386 10 . 89614 56 
5 9. 79015 16 10. 20985 . 89411 26 10. 10589 }10. 10396 10 9. 89604 oo 
6 . 79031 16 . 20969 . 894387 y . 10563 . 10406 10 . 89594 54 
i . 79047 16 . 20953 . 89463 26 M1LO53¢ . 10416 10 . 89584 53 
8 . 79063 16 . 20937 . 89489 26 10511 . 10426 10 . 89574 By) 
9 . 79079 16 . 20921 . 89515 26 . 10485 . 10486 10 . 89564 51 
10 9. 79095 16 10. 20905 . 89541 26 10. 10459 410. 10446 10 9. 89554 50 
i . 79111 17 . 20889 . 89567 26 . 10433 . 10456 10 . 89544 49 
1 . 79128 16 . 20872 . 89593 26 . 10407 . 10466 10 89534 48 
183 . 79144 16 . 20856 . 89619 26 . 10381 . 10476 10 89524 47 
14 . 79160 16 . 20840 . 89645 6 LOBOS . 10486 10 . 89514 46 
15 9. 79176 16 10. 20824 . 89671 26 10. 10329 |10. 10496 9 9. 89504 45 
16 . 79192 16 . 20808 . 89697 ys . 10303 . 10505 10 89495 44 
17 . 79208 16 . 20792 . 89723 26 . 10277 *10515 10 . 89485 43 
18 . 79224 16 . 20776 . 89749 26 . 10251 . 10525 10 . 89475 42 
19 . 79240 16 . 20760 . 89775 26 . 10225 OS35 10 . 89465 41 
20 9. 79256 16 10. 20744 . 89801 26 10. 10199 }10. 10545 10 9. 89455 40 
21 . 79272 16 . 20728 . 89827 26 OAS mlO555 10 . 89445 39 
22 . 79288 16 / 20712 . 89853 26 . 10147 . 10565 10 . 89435 38 
23 . 79304 15 . 20696 . 89879 26 20121 O57 10 . 89425 37 
24 . 79319 16 . 20681 . 89905 26 . 10095 . 10585 10 . 89415 36 
25 9. 79335 16 10. 20665 . 89931 26 10. 10069 |10. 10595 10 9. 89405 35 
26 . 79351 16 . 20649 . 89957 26 . 10043 . 10605 10 . 89395 34 
27 . 79367 16 . 20633 . 89983 y . 10017 . 10615 10 . 893885 ao 
28 . 79383 16 . 20617 . 90009 26 . 09991 . 10625 1 . 89375 32 
29 . 79399 16 . 20601 . 90035 26 . 09965 . 10636 10 . 89364 31 
30 9. 79415 16 10. 20585 . 90061 25 10. 09939 }10. 10646 10 9. 89354 30 
31 . 794381 16 . 20569 . 90086 26 . 09914 . 10656 10 . 893844 29 
32 . 79447 16 1205538 . 90112 26 . 09888 . 10666 10 . 89334 28 
38 . 79463 15 20007 . 90138 26 . 09862 . 10676 10 . 89324 27 
34 . 79478 16 720522 . 90164 26 . 09836 . 10686 10 . 89314 26 
35 9. 79494 16 10. 20506 . 90190 26 10. 09810 10. 10696 10 9. 89304 745) 
36 . 79510 16 . 20490 . 90216 26 . 09784 . 10706 10 . 89294 24 
37 . 79526 16 . 20474 . 90242 26 . 09758 . 10716 10 . 89284 23 
38 . 79542 16 . 20458 . 90268 26 . 09732 . 10726 10 . 89274 22 
39 . 79558 15 . 20442 . 90294 26 . 09706 . 10736 10 . 89264 21 
40 9. 79573 16 10. 20427 . 90320 26 10. 09680 }10. 10746 10 9. 89254 20 
4] . 79589 16 . 20411 . 90346 25 . 09654 . 10756 11 . 89244 19 
42 . 79605 16 . 20395 . 90371 26 . 09629 . 10767 10 . 89233 18 
43 . 79621 15 . 20379 . 90397 6 . 09603 LOG 10 . 89223 17 
44 . 79636 16 . 20364 . 90423 26 . 09577 . 10787 10 . 89213 16 
45 9. 79652 16 10. 20348 . 90449 26 10. 09551 410. 10797 10 9. 892038 11254 
46 . 79668 16 ~20832 . 90475 26 . 09525 . 10807 10 . 89193 14 
47 . 79684 15 . 20316 . 90501 26 . 09499 . 10817 10 ; 89183 i} 
48 . 79699 16 220301 . 90527 26 . 09473 . 10827 11 . 89173 12 
49 5 TEAS 16 . 20285 . 90553 25 . 09447 . 10838 10 . 89162 11 
50 9. 79731 15 10. 20269 . 90578 26 10. 09422 }10. 10848 10 9. 89152 10 
51 . 79746 16 . 20254 . 90604 26 . 09396 . 10858 10 . 89142 9 
By. . 79762 16 . 20238 . 90630 26 . 09370 . 10868 10 . 89132 8 
jo . 79778 15 n20222 . 90656 26 . 09344 . 10878 10 . 89122 Ui 
54 . 79793 16 . 20207 . 90682 26 . 09318 . 10888 11 . 89112 6 
55 9. 79809 16 10. 20191 | 9. 90708 26 10. 09292 }10. 10899 10 9. 89101 +9) 
56 . 79825 15 y20075 . 90734 25 . 09266 . 10909 10 . 89091 4 
s/ . 79840 16 . 20160 . 90759 ys . 09241 . 10919 10 89081 3 
58 . 79856 16 . 20144 . 90785 26 . 09215 . 10929 11 89071 2 
59 . 79872 15 . 20128 . 90811 26 . 09189 . 10940 10 . 89060 1 
60 9. 79887 10. 20113 . 90837 10. 09163 410. 10950 9. 89050 0 

; : ‘ ) 
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39°. sin ete csc tan i cot sec hi cos -140° 
v Y 
0 9. 79887 16 10. 20113 | 9. 90837 26 10. 09163 10. 10950 10 9. 89050. 60 
1 . 79903 15 . 20097 . 90863 26 . 09137 . 10960 10 . 89040 59 
2 . 79918 16 . 20082 . 90889 25 . 09111 . 10970 10 . 89030 58 
3 . 79934 16 . 20066 . 90914 26 . 09086 . 10980 11 . 89020 57 
4 . 79950 15 . 20050 . 90940 26 . 09060 . 10991 10 . 89009 56 
5 9. 79965 16 10. 20035 . 90966 26 10. 09084 10. 11001 10 9. 88999 ao 
6 . 79981 15 . 20019 . 90992 26 . 09008 ee Oel 11 . 88989 54 
7 . 79996 16 20004 . 91018 25 . 08982 . 11022 10 . 88978 53 
8 . 80012 15 19988 . 91043 26 . 08957 PO S2 10 . 88968 52 
9 . 80027 16 19973 . 91069 26 . 08931 . 11042 10 . 88958 51 
10 9. 80043 15 10. 19957 . 91095 26 10. 08905 }10. 11052 11 9. 88948 50 
11 . 80058 16 19942 . 91121 26 . 08879 . 11063 10 . 88937 49 
12 . 80074 15 19926 . 91147 25 . 08853 . 11073 10 . 88927 48 
13 . 80089 16 19911 5 SIL) 26 . 08828 . 11083 11 . 88917 47 
14 . 80105 15 19895 . 91198 26 . 08802 . 11094 10 . 88906 46 
15 9. 80120 16 10. 19880 . 91224 26 10. 08776 }10. 11104 10 9. 88896 45 
16 . 80136 15 19864 . 91250 26 . 08750 SA 11 . 88886 44 
17 . 80151 15 19849 . 91276 25 . 08724 pelea 25 10 . 88875 43 
18 . 80166 16 19834 . 91301 26 . 08699 5 Leys) 10 . 88865 42 
19 . 80182 15 19818 . 91327 26 . 08673 » bias) 11 . 88855 Al 
20 9. 80197 16 10. 198038 . 91353 26 10. 08647 10. 11156 10 9. 88844 40 
Zit . 80213 15 19787 . 91379 25 . 08621 . 11166 10 . 88834 39 
22, . 80228 16 19772 . 91404 26 . 08596 5 SELVA 11 . 88824 38 
Ze . 80244 15 19756 . 91480 26 . 08570 . 11187 10 . 88813 ou 
24 . 80259 15 19741 . 91456 26 . 08544 AAG, 10 . 88803 36 
25 9. 80274 16 10. 19726 . 91482 25 10. 08518 }10. 11207 11 9. 88793 35 
26 . 80290 15 19710 . 91507 26 . 08493 . 11218 10 . 88782 34 
2 . 80305 15 19695 . 91533 26 . 08467 . 11228 11 . 88772 33 
28 . 80320 16 19680 . 91559 26 . 08441 . 11239 10 . 88761 on 
29 . 80336 15 19664 . 91585 25 . 08415 . 11249 10 . 88751 63) 
30 9. 80851 15 10. 19649 . 91610 26 10. 083890 10. 11259 11 9. 88741 30 
31 . 80366 16 19634 . 91636 26 . 08364 . 11270 10 . 88730 29 
on . 80382 15 19618 . 91662 26 . 08338 . 11280 11 . 88720 28 
33 . 80397 15 19603 . 91688 25 . 08312 Ee 2O1 10 . 88709 27 
34 . 80412 16 19588 Sly ails) 26 . 08287 SSO 11 . 88699 26 
35 9. 80428 15 10. 19572 . 91739 26 10. 08261 }10. 11312 10 9. 88688 25 
36 . 80443 15 19557 . 91765 26 . 08235 Jilly. 10 . 88678 24 
37 . 80458 15 19542 . 91791 25 . 08209 = ile 11 - 88668 23 
38 . 80473 16 19527 . 91816 26 . 08184 3 Ls y'8s 10 . 88657 22 
39 . 80489 15 19511 . 91842 26 . 08158 ~ Bye 11 . 88647 21 
40 9. 80504 15 10. 19496 . 91868 25 10. 08132 |10. 11364 10 9. 88636 20 
41 . 80519 15 19481 . 91893 26 . 08107 » Jet 11 . 88626 19 
42 . 80534 16 19466 . 91919 26 . 08081 . 11885 10 . 88615 18 
43 . 80550 15 19450 . 91945 26 . 08055 elelsOo 11 . 88605 ilyé 
44 . 80565 15 19435 . 91971 25 . 08029 . 11406 10 . 88594 16 
45 9. 80580 15 10. 19420 . 91996 26 10. 08004 10. 11416 11 9. 88584 15 
46 . 80595 15 19405 . 92022 26 . 07978 ela D i 10 . 88573 14 
47 . 80610 15 19390 . 92048 25 . 07952 , ee 11 . 88563 13 
48 . 80625 16 19375 . 92073 26 . 07927 . 11448 10 . 88552 12 
49 . 80641 15 19359 . 92099 26 . 07901 . 11458 11 . 88542 11 
50 9. 80656 15 10. 19344 . 92125 25 10. 07875 |10. 11469 10 9. 88531 10 
51 . 80671 15 19329 . 92150 26 . 07850 . 11479 11 . 88521 9 
52 . 80686 15 19314 . 92176 26 . 07824 . 11490 11 . 88510 8 
1593 . 80701 15 19299 . 92202 25 . 07798 . 11501 10 . 88499 7 
54 . 80716 15 19284 . 92227 26 OV Mane 5 lalla! 11 . 88489 6 
55 9. 80731 15 10. 19269 . 92253 26 10. 07747 |10. 11522 10 9. 88478 5 
56 . 80746 16 19254 . 92279 25 mOi2i = Ila 11 . 88468 4 
57 . 80762 15 19238 . 92304 26 . 07696 _ isye's} 10 . 88457 3 
58 . 80777 15 19223 . 92330 26 . 07670 U5 oS 11 . 88447 2 
59 . 80792 15 . 19208 . 92356 25 . 07644 . 11564 11 . 88436 1 
60 9. 80807 10. 19193 | 9. 92381 10. 07619 |10. 11575 9. 88425 0 
ry i ; ; t 
129°> cos po sec cot rh tan csc ai sin <50° 
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TABLE 33 


Logarithms of Trigonometric Functions 


v 


tan 


cot 


. 92381 
. 92407 
. 92433 
. 92458 
. 92484 


. 07619 
. 07593 
. 07567 
. 07542 
. 07516 


10. 11575 
. 11585 
. 11596 
. 11606 
ONT, 


. 92510 
. 92535 
. 92561 
. 92587 
. 92612 


= 
DOONAN PWNHOS ~ = 


. 07490 
. 07465 
. 07439 
. 07413 
. 07388 


. 11628 
. 11638 
. 11649 
. 11660 
. 11670 


. 92638 
. 92663 
. 92689 
. 92715 
. 92740 


. 07362 
. 07337 
. 07311 
. 07285 
. 07260 


. 11681 
. 11692 
. 11702 
ali713 
. 11724 


. 92766 
. 92792 
. 92817 
. 92843 
. 92868 


. 92894 
. 92920 
. 92945 
. 92971 
. 92996 


. 07234 
. 07208 
. 07183 
. 07157 


. 11734 
. 11745 
. 11756 
. 11766 
os UAE! 


. 11788 
SLL799 
. 11809 
. 11820 
. 11831 


. 93022 
. 93048 
. 93073 
. 93099 
. 93124 


. 11842 
. 11852 
. 11863 
. 11874 
. 11885 


. 93150 
. 93175 
. 93201 
. 93227 
. 93252 


. 93278 
- , 93303 
. 93329 
. 93354 
. 93380 


. 11895 
. 11906 
rel OM 7, 
. 11928 
5 JUTE) 


. 11949 
. 11960 
5 aki! 
. 11982 
. 11993 


. 93406 
. 93431 
. 93457 
. 93482 
. 93508 


9. 93533 
. 93559 
. 93584 
. 93610 
. 93636 


. 12004 
. 12015 
. 12025 
. 12036 
. 12047 


. 93661 
. 93687 
. 93712 
. 93738 
. 93763 


. 12058 
. 12069 
. 12080 
. 12091 
. 12102 


9. 93789 
. 938814 
. 93840 
. 93865 
. 93891 
. 938916 


. 12113 
. 12123 
. 12134 
. 12145 
. 12156 


. 12167 
. 12178 
. 12189 
. 12200 
5 Zp AAla 
. 12222 


cot 


csc 


FloenwihalaudHMs 


* 
= 
N=) 

° 
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TABLE 33 


Logarithms of Trigonometric Functions 


> 

joo, 
°o 

v 


e 


COONAN PWNHrHOS 


Plornwmwpa|aradMdc 


t 
a 
io 2) 
° 
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TABLE 33 
Logarithms of Trigonometric Functions 

42°> sin Rie csc tan nit cot sec Dit cos «137° 
Vv v 
O | 9. 82551 14 |10. 17449 | 9. 95444 25 10. 04556 |10. 12893 | 1, | 9. 87107 60 
i! . 82565 14 . 17485 . 95469 26 . 04531 . 12904 | 4) . 87096 59 
2 . 82579 14 . 17421 . 95495 25 . 04505 . 12915 | 45 . 87085 58 
3 . 82593 14 . 17407 . 95520 25 . 04480 . 12927 11 . 87073 57 
4 . 82607 14 . 17393 . 95545 26 . 04455 - 12938 | 35 . 87062 56 
5 | 9. 82621 14 |10. 17379 | 9. 95571 25 10. 04429 |10. 12950 | 1, 9. 87050 on 
6 . 82635 14 . 17365 . 95596 26 . 04404 . 12961 11 . 87039 54 
@ . 82649 14 Sulveianl . 95622 25 . 04378 - 12972 | 35 . 87028 53 
8 . 82663 14 . 17337 . 95647 25 . 04353 . 12984 fl . 87016 52 
9 . 82677 14 Ey} . 95672 26 . 04328 12995 | 45 . 87005 51 
10 | 9. 82691 14 |10. 17309 | 9. 95698 25 10. 04802 |10. 13007 nl 9. 86993 50 
11 . 82705 14 . 17295 . 95723 25 . 04277 . 18018 | 39 . 86982 49 
12 . 82719 14 . 17281 . 95748 26 . 04252 - 13030 | 34 86970 48 
13 . 82733 14 L267 . 95774 35 . 04226 . 13041 | 45 86959 47 
14 . 82747 14 sls) . 95799 26 . 04201 - 13053 | 44 86947 46 
15 | 9. 82761 14 |10. 172389 | 9. 95825 25 10. 04175 }10. 13064 12 9. 86936 45 
16 . 82775 13 217225 . 95850 25 . 04150 . 138076 1 . 86924 44 
17 . 82788 14 . 17212 . 95875 26 . 04125 . 13087 11 . 86913 43 
18 . 82802 14 . 17198 . 95901 25 . 04099 . 138098 12 . 86902 42 
19 . 82816 14 . 17184 . 95926 26 . 04074 . 13110 1 . 86890 41 
20 | 9. 82830 14 |10. 17170 | 9. 95952 25 10. 04048 }10. 13121 12 9. 86879 40 
21 . 82844 14 . 17156 . 95977 25 . 04023 13183 | 45 . 86867 39 
22 . 82858 14 . 17142 . 96002 26 . 03998 . 138145 11 . 86855 38 
23 . 82872 13 ml AL2S . 96028 25 . 03972 . 13156 12 . 86844 37 
24 . 82885 14 LS . 96053 25 . 03947 13168 | 47 . 86832 36 
25 | 9. 82899 14 |10.17101 | 9. 96078 26 10. 03922 }10. 13179 12 9. 86821 35 
26 . 82913 14 . 17087 . 96104 25 . 03896 . 138191 11 . 86809 34 
27 . 82927 14 . 17073 . 96129 oy MOSS (lal eelocO2 12 . 86798 33 
28 . 82941 14 . 17059 . 96155 25 . 03845 . 138214 11 . 86786 32 
29 . 82955 13 . 17045 . 96180 25 . 038820 . 138225 12 . 86775 31 
30 | 9. 82968 14 |10. 17032 | 9. 96205 96 | 10. 03795 |10. 13237 11 9. 86763 30 
31 . 82982 14 . 17018 . 96231 25 . 03769 - 18248 | 45 . 86752 29 
32 . 82996 14 . 17004 . 96256 25 . 03744 - 138260 | 45 . 86740 28 
33 . 83010 13 . 16990 . 96281 36 . 03719 913272 11 . 86728 20 
34 . 83023 14 . 16977 . 96307 25 . 03693 - 13283 | jo . 86717 26 
35 9. 83037 14 10. 16963 | 9. 96332 25 10. 038668 |10. 138295 11 9. 86705 25 
36 83051 14 . 16949 . 96357 26 . 03643 . 13306 12 . 86694 24 
37 83065 13 . 16935 . 96383 25 . 03617 - 13318 | 45 . 86682 23 
38 83078 14 . 16922 . 96408 25 . 03592 - 18330 | 47 . 86670 22 
_39 | . 83092 | 34 | _.16908 | .96433 | 53 | .03567 | .13341 | j, |_.86659 | 21 
40 | 9.83106 | 14 |10. 16894 | 9.96459 | 5, |10. 03541 |10. 13353 | ,, | 9.86647 | 20 
41 83120 | 43 . 16880 | . 96484 | 52 - 03516 | . 13365 | 54 | . 86635 | 19 
42 83133 | 33 . 16867 | .96510 | 55 . 03490 | . 18876 | 35 | . 86624] 18 
43 83147 | 14 | . 16853] .96535 | 52 | .03465 | .13388 | 55 | .86612| 17 
ae 83161 13 . 16839 . 96560 26 . 03440 . 13400 11 . 86600 16 
45 | 9.83174 | 14 |10. 16826 | 9.96586 | 5, |10. 03414 |10. 18411 | ,, | 9.86589 | 15 
46 83188 | 14 . 16812 | .96611 | $2 . 03389 | . 13423 | 55 | . 86577] 14 
47 83202 | 13 | .16798} .96636| 32 | .03364| . 13435 | 5+ | . 86565] 13 
48 83215 14 . 16785 . 96662 25 . 03338 . 13446 12 . 86554 12 
49 83229 13 5 Seal . 96687 25 . 03313 . 138458 12 . 86542 11 
50 9. 83242 14 10. 16758 | 9. 96712 26 10. 03288 |10. 13470 12 9. 86530 10 
51 83256 ta . 16744 . 96738 25 . 03262 . 13482 11 . 86518 9 
52 83270 13 . 16730 . 96763 25 5 OS Ri// - 13493 | 15 . 86507 8 
53 83283 14 LG alia . 96788 6 . 03212 - 18505 | 15 . 86495 ti 
54 83297 13 . 167038 . 96814 5 . 03186 13517 | 44 . 86483 6 
55 | 9.83310 | 14 |10. 16690 [9.96839 | 5. |10. 03161 10. 13528 | |, | 9. 86472 5 
56 83324 14 . 16676 . 96864 26 . 03136 - 13540 | 45 . 86460 4 
57 83338 13 . 16662 . 96890 25 . 03110 . 18552 12 . 86448 3 
58 83351 14 . 16649 . 96915 25 . 03085 . 138564 1] . 86436 2 
59 83365 13 . 16635 . 96940 26 . 03060 MUS ono 12 . 86425 1 
60 9. 83378 10. 16622 | 9. 96966 10. 03034 |10. 13587 9. 86413 0) 
t F . : t 

132°> cos me sec cot me tan csc rag sin «47° 


TABLE 33 


Logarithms of Trigonometric Functions 
a 


+ 


cot 


sec 
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10. 03034 
. 03009 
. 02984 
. 02958 
. 02933 


10. 13587 
. 138599 
. 13611 


. 13623 
. 138634 


. 02908 
. 02882 
. 02857 
. 02832 
. 02807 


PB je: 
Cn SUH RwWNHOo > ~ 


. 138646 
. 13658 
. 138670 
. 13682 
. 138694 


. 02781 
. 02756 
. 02731 
. 02705 
. 02680 


. 13705 
py Aly 
. 13729 
. 13741 
. 138753 


. 02655 
. 02629 
. 02604 
. 02579 
. 02553 


. 138765 
= EMCEE 
. 13789 
. 13800 
. 13812 


. 02528 
. 02503 
. 02477 
. 02452 
. 02427 


. 13824 
. 13836 
. 138848 
. 13860 
. 13872 


. 02402 
. 02376 
. 02351 


. 02326 
. 02300 


. 13884 
. 13896 
. 138908 
. 13920 
. 138932 


. 02275 
. 02250 
. 02224 
. 02199 
. 02174 


. 138944 
. 138956 
. 138968 
. 13980 
. 138992 


. 02149 
. 02123 
. 02098 
. 02073 
. 02047 


. 14004 
. 14016 
. 14028 
. 14040 
. 14052 


. 02022 
. 01997 
. 01971 
. 01946 
. 01921 


. 14064 
. 14076 
. 14088 
. 14100 
. 14112 


. 01896 
. 01870 
. 01845 
. 01820 
. 01794 


. 14124 
. 14136 
. 14149 
. 14161 
. 14173 


. 01769 
. 01744 
. 01719 
. 01693 
. 01668 


. 14185 
. 14197 
. 14209 
. 14221 
. 14234 


. 01643 
. 01617 
. 01592 
. 01567 
. 01542 
. 01516 


. 14246 
. 14258 
. 14270 
. 14282 
. 14294 
. 14307 


tan 


csc 


PlornnmnwhkalraundM~©S 


t 
rs 
a 

° 
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TABLE 33 


Logarithms of Trigonometric Functions 


tan : cot 


. 15823 . 98484 . 01516 
. 15810 |. 98509 . 01491 
. 15797 | . 98534 . 01466 
. 15784 . 98560 . 01440 
. 15771 . 98585 . 01415 


. 15758 . 98610 . 01390 
. 15745 . 98635 . 01365 
. 15731 . 98661 . 01339 
. 15718 . 98686 . 01314 
. 15705 . 98711 . 01289 


. 15692 . 98737 . 01263 
. 15679 . 98762 . 01238 
. 15666 . 98787 . 01213 
. 15653 . 98812 . 01188 
. 15640 . 98838 . 01162 


. 15627 . 98863 . 01137 
. 15615 . 98888 . 01112 
. 15602 | . 98913 . 01087 
. 15589 . 98939 . 01061 
. 15576 : . 01036 


. 15563 : . 01011 
. 15550 ‘ . 00985 
. 15537 : . 00960 
. 15524 : . 00935 
. 15511 : . 00910 


. 15498 : . 00884 
. 15485 : . 00859 
. 15472 ; . 00834 
. 15460 : . 00809 
. 15447 : . 00783 


. 15434 ! . 00758 
. 15421 : . 00733 
. 15408 |] . . 00707 
. 153895]. . 00682 
. 15382 : . 00657 


. 15370 h . 00632 
. 15357 : ..00606 
. 15344 5 . 00581 
. 15331 é . 00556 
. 15318 : . 00531 


. 15306 : . 00505 
. 15293 : . 00480 
. 15280 : . 00455 
. 15267 : . 00430 
. 15255 5 . 00404 


. 15242 ; . 00379 
. 15229 : . 00354 
. 15216 : . 00328 
. 15204 4 . 00303 
. 15191 


. 15178 
. 15165 
. 15153 
. 15140 
. 15127 


. 15115 
. 15102 
. 15089 
. 15077 : 
. 15064 | 9. 
. 15051 410. 


= 
mown © ~ = 
v 


ease 


sec 


QQ? |oHnwraanac 


t 
pos 
° 


0° 


TABLE 34 


Haversines 


1g 


94) 


3° 


4° 


Log Hav | Nat. Hav] Log Hav 


Nat. Hav] Log Hav 


Nat. Hav} Log Hav 


Nat. Hav] Log Hav 


Nat. Hav 
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Inf. Neg. |0. 000005. 
2. 32539) . 00000 
. 92745} . 00000 
. 27963} . 00000 
. 52951) . 00000 


. 89604! . 
91016) . 
. 92406) . 
. 98774 . 


88168/0. OOO08|6. 


48371 


. 49092 
. 49807 
. 50516 
. 91219 


0. 00030}6. 83584 
. 00031} . 84065 
. 00031) . 84543 
. 00032] . 85019 
. 00033) . 85492 


0. 00069)7. 08564 
. 00069] . 08925 
. 00070} . 09284 
. 00071) . 09642 
. 00072] . 09999 


0. 00122 
. 00123 
. 00124 
. 00125 
. 00126 


OONDOPWNrO 


. 72333 |0. 00000]5. 
. 88169} . 00000 
. 01559} . 00000 
. 18157) . OOOOOIS. 
. 23388} . O000OI6. 


-96447| . 
_97753| . 


95121 


99040} . 
00308) . 


51916 
. 52608 
. 53295 
. 53976 
54652 


0. 00033]6. 85963 
. 00034] . 86431 
. 00034] . 86897 
. 00035] . 87360 
. 00035} . 87821 


. 000727. 10354 
. 00073] . 10708 
. 00074] . 11060 
. 00075) . 11411 
. 00076} . 11760 


. 00127 
. 00128 
. 00129 
. 00130 
. 00131 


. 32539/0. 000006. 
. 40818} . 00000 
. 48375] . 00000 
. 55328} . 00000 
. 61765} . 00000 


. 02789] . 
. 04004 . 
. 05202) . 
. 06384] . 


015570. 


. 55323 
. 55988 
. 56649 
. 57304 
. 57955 


0. 00036]6. 88279 
. 00036} . 88735 
. 00037] . 89188 
. 00037] . 89639 
. 00038} . 90088 


. 000767. 12108 
. 00077] . 12455 
. 000738} . 12800 
. 00079} . 18144 
. 00080] . 138486 


. 00132 
. 00133 
. 00134 
. 00135 
. 00136 


. 67757|0. 000006. 
. 73363] . 00001 
. 78629] . 00001 
. 88594} . 00001 
. 88290} . 00001 


. 08700] . 
. 09836} . 
. 10956} . 
. 12063 


07550)0. 


. 58600 
. 69241 
. 59878 
. 60509 
. 61136 


0. 00039]6. 90535 
. 00039] . 90979 
. 00040) . 91421 
. 00040} . 91860 
. 00041} . 92298 


. 00080}7. 13827 
. 00081} . 14167 
. 00082) . 14506 
. 00083] . 14843 
. 00084] . 15179 


. 00137 
. 00139 
. 00140 
. 00141 
. 00142 


. 92745/0. 00001)6. 
. 96983] . 00001 
. 01024) . 00001 
. 04885] . 00001 
. 08581) . 00001 


. 14234! . 
. 15300} . 
. 16353} . 
. 17393} . 


13155)0. 


. 61759 
. 62377 
. 62991 
. 63600 
. 64205 


0. 000416. 92733 
. 00042} . 93166 
. 00043} . 93597 
. 00043] . 94026 
. 00044) . 94453 


. 00085]7. 15513 
. 00085] . 15846 
. 00086] . 16178 
. 00087] . 16509 
. 00088} . 16839 


. 00143 
. 00144 
. 00145 
. 00146 
. 00147 


. 12127|0. 00001)6. 
. 15534} . 00001 
. 18812} . 00002 
. 21971} . 00002 
. 25019) . 00002 


. 19437] . 
. 20441] . 
. 21433) . 
. 22415] . 


18421)0. 


. 64806 
. 65403 
. 65996 
. 66585 
. 67170 


0. 00044)6. 94877 
. 00045} . 95300 
. 00046} . 95720 
. 00046) . 96139 
. 00047) . 96555 


. 00089]7. 17167 
. 00090} . 17494 
. 00091} . 17820 
. 00091) . 18144 
. 00092] . 18468 


. 00148 
. 00150 
. 00151 
. 00152 
. 00153 


. 27963)0. 00002)6. 
. 80811} . 00002 
. 33569} . 00002 
. 36242) . 00002 
. 38835} . 00002 


. 24345) . 
. 25294! . 
. 26233] . 
. 27162) . 


23385,0. 


. 67751 
. 68328 
. 68901 
. 69470 
. 70036 


0. 000486. 96970 
. 00048]. . 97382 
. 00049} . 97793 
. 00050] . 98201 
. 00050} . 98608 


. 00093]7. 18790 
. 00094) . 19111 
. 00095] . 19430 
. 00096} . 19749 
. 00097} . 20066 


. 00154 
. 00155 
. 00156 
. 00158 
. 00159 


. 41352/0. 00003)6. 
. 43799} . 00003 
. 46179} . 00003 
. 48496] . 00003 
. 50752] . 00003 


. 28991 
. 29891 
. 30781) . 
. 31663) . 


28081 


. 70598 
ll 5i7, 
Cle 
. 72263 
. 72811 


0. 00051}6. 99013 
. 00051] . 99416 
. 00052}6. 99817 
. 00053]7. 00216 
. 00053] . 00613 


. 00098]7. 20383 
. 00099] . 20698 
. 00100} . 21012 
. OOLOO) . 21325 
. 00101) . 21636 


. 00160 
. 00161 
. 00162 
. 00163 
. 00165 


. 5295110. 00003]6. 
. 55095} . 00004 
. 57189} . 00004 
. 59232) . 00004 
. 61229) . 00004 


. 33400} . 
. 34256] . 
. 85103) . 
. 385943] . 


32536)0. 


. 13355 
. 73896 
. 74434 
. 74969 
. 75500 


0. 00054]7. 01009 
. 00055} . 01403 
. 00056} . 01795 
. 00056) . 02185 
. 00057] . 02573 


. 00102]7. 21947 
. 00103] . 22256 
. 00104) . 22565 
. 00105] . 22872 
. 00106} . 23178 


. 00166 
. 00167 
. 00168 
. 00169 
. 00171 


. 631810. 0000446. 
. 65090} . 00004 
. 66958} . 00005 
. 68787] . 00005 
. 70578) . 00005 


37597) . 
. 38412) . 
. 39220} . 
. 40021 


367740. 


. 76028 
. 16552 
. T7074 
. 17592 
. 78108 


0. 00058}7. 02960 
. 00058} . 03345 
. 00059} . 03729 
. 00060} . 04110 
. 00060} . 04490 


. 001077. 23483 
. 00108] . 23787 
. 00109} . 24090 
. 00110] . 24392 
. OO1LI) . 24693 


. 00172 
. 00173 
. 00174 
. 00175 
. 00177 


. 72332/0. 00005]6. 
. 74052) . 00006 
. 75739] . 00006 
. 77394| . 00006 
. 79017) . 00006 


. 41600] . 
. 42379) . 
. 43151) . 
. 43916] . 


40814)0. 


. 78620 
(9129 
. 79636 
. 80139 
. 80640 


0. 00061]7. 04869 
. 00062] . 05245 
. 00063] . 05620 
. 00063] . 05994 
. 00064] . 06366 


. 001127. 24993 
. 00113} . 25292 
. 00114] . 25590 
. 00115} . 25886 
. 00116] . 26182 


. 00178 
. 00179 
. 00180 
. 00181 
. 00183 


. 80611/0. OOODEI6. 
. 82176] . 00007 
. 83713} . 00007 
. 85224| . 00007 
. 86709] . 00007 
. 88168/0. 00008I6. 


. 45427) . 
. 46172) . 
. 46911) . 
. 47644! . 


44675)0. 


48371)0. 00030)6. 


. 81137 
. 81632 
. 82124 
. 82614 
. 83100 


83584 


0. 00065]7. 06736 
. 00066} . 07105 
. 00066} . 07472 
. 00067] . 07837 
. 00068] . 08201 

0. 00069]7. 08564 


. 0011747. 26477 
. 00118} . 26771 
. OO119} . 27064 
. 00120} . 27355 
. 00121} . 27646 
0. 00122)7. 27936 


. 00184 
. 00185 
. 00186 
. 00188 
. 00189 
0. 00190 


SCOrPNWKHOUMDNWO 


359° 


358° 


357° 


356° 


355° 


TABLE 34 


Haversines 


5° 6° 7° 8° 9° 


Log Hav | Nat, Hav | Log Hav | Nat. Hav] Log Hav | Nat. Hav] Log Hav | Nat. Hav] Log Hav | Nat. Hav 


7. 27936|0. 00190)7. 43760|0. 00274]7. 57135)\0. 00373/7. 68717/0. 00487]7. 78929|0. 00616) 60 
. 28225] . 00192) . 44001| . 00275) . 57341) . 00374) . 68897) . 00489] . 79089) . 00618) 59 
. 28513] . 00193) . 44241] . 00277) . 57547) . 00376) . 69077) . 00491) . 79249) . 00620) 58 
. 28800} . 00194] . 44480) . 00278] . 57752) . 00378] . 69257) . 00493} . 79409; . 00622) 57 
. 29086] . 00195] . 44719] . 00280) . 57957) . 00380) . 69437) . 00495} . 79568} . 00625) 56 


| 
CONDO fWNrO 


7. 29371/0. 00197/7. 44957|0. 00282]7. 58162)/0. 00382]7. 69616|0. 004977. 79728)/0. 00627) 55 
. 29655} . 00198] . 45194] . 00283] . 58366) . 00383) . 69794) . 00499) . 79886) . 00629) 54 
. 29938] . 00199] . 45431] . 00285) . 58569) . 00385) . 69972) . 00501) . 80045} . 00632) 53 
. 30220] . 00201] . 45667] . 00286] . 58772) . 00387) . 70150) . 00503} . 80203] . 00634] 52 
. 80502) . 00202} . 45903) . 00288) . 58974] . 00389} . 70328) . 00505) . 80361) . 00636) 51 


7. 30782|0. 00203]7. 46138)0. 00289]7. 59176/0. 00391)7. 705050. 0050717. 80519)0. 
. 31062} . 00204] . 46372) . 00291) . 59378) . 00392) . 70682) . 00509} . 80677) . 
. 31340} . 00206} . 46605) . 00292) . 59579) . 00394] . 70858) . 00511) . 80834) . 
. 31618) . 00207] . 46838) . 00294] . 59779] . 00396) . 71034) . 00513] . 80991) . 
. 831895} . 00208] . 47071] . 00296] . 59979) . 00398) . 71210} . 00515} . 81147) . 


7. 32171/0. 00210}7. 47302\0. 00297|7. 60179/0. 00400}7. 71385)0. 00517]7. 81303)0. 45 
. 32446} . 00211) . 47533) . 00299] . 60378) . 00402) . 71560) . 00520) . 81459) . 
. 32720) . 00212) . 47764] . 00300) . 60577) . 00403] . 71735} . 00522) . 81615) . 
. 82994) . 00214) . 47994) . 00302) . 60775) . 00405] . 71909] . 00524) . 81771) . 
. 33266} . 00215] . 48223) . 00304] . 60973) . 00407] . 72083) . 00526] . 81926) . 


7. 33538)0. 00216]7. 48452/0. 00305}]7. 61170/0. 00409]7. 72257|0. 00528]7. 82081)0. 
. 33809) . 00218} . 48680) . 00307] . 61367) . 00411) . 72430} . 00530) . 82235) . 
. 34079) . 00219] . 48907] . 00308) . 61564) . 00413] . 72603) . 00532) . 82390) . 
. 34348} . 00221) . 49134) . 00310) . 61760) . 00415] . 72775) . 00534) . 82544) . 
. 84616) . 00222} . 49360} . 00312) . 61955} . 00416) . 72948) . 00536) . 82698) . 


7. 34884)0. 002237. 49586/0. 00313}7. 62151/0. 00418}7. 73119|0. 00539}7. 82851)0. 
. 85150) . 00225) . 49811} . 00315) . 62345) . 00420) . 73291) . 00541) . 83004) . 
. 35416) . 00226} . 50036) . 00316] . 62540) . 00422] . 73462) . 00543) . 83157) . 
. 85681) . 00227) . 50259) . 00318) . 62733) . 00424) . 73633) . 00545) . 83310) . 
. 35945) . 00229) . 50483) . 003820) . 62927) . 00426) . 73803) . 00547] . 83463) . 


7. 36209)0. 00230]7. 507060. 00321]7. 63120|0. 0042817. 73974|0. 00549]7. 83615)0. 
. 36471) . 00232) . 50928) . 00323] . 63312) . 00430] . 74143) . 00551) . 83767) . 29 
. 36733) . 00233) . 51149) . 00325) . 63504) . 00432] . 74313) . 00554) . 83918) . 
. 36994) . 00234] . 51370) . 00326] . 63696] . 00433] . 74482) . 00556) . 84070) . 
. 37254) . 00236} . 51591) . 00328] . 63887) . 00435) . 74651) . 00558) . 84221 


= 


37514|0. 00237|7. 51811|0. 00330]7. 64078/0. 00437]7. 74819)0. 00560}7. 84372)0. 
. 37773) . 00239) . 52030) . 00331] . 64269) . 00439] . 74988) . 00562) . 84522) . 
. 38030) . 00240) . 52249] . 00333} . 64458) . 00441) . 75155) . 00564) . 84672) . 
. 38288) . 00241) . 52467) . 00335) . 64648) . 00443] . 75323) . 00567] . 84822) . 22 
. 38544] . 00243] . 52685] . 00336) . 64837) . 00445] . 75490) . 00569] . 84972) . 21 


7. 38800)0. 00244}7. 52902/0. 00338]7. 65026)0. 00447|7. 75657/0. 0057117. 85122)0. 
. 39054| . 00246) . 53119} . 00340) . 65214) . 00449) . 75824) . 00573] . 85271 
. 39309) . 00247) . 53335) . 00341) . 65402) . 00451] . 75990) . 00575] . 85420) . 
. 89562) . 00249) . 53550) . 00343] . 65590) . 00453] . 76156) . 00578] . 85569) . 
. 39815) . 00250} . 53766} . 00345) . 65777) . 00455) . 76321) . 00580] . 85717) . 


7. 400670. 002527. 53980|0. 00347]7. 65964|0. 00457]7. 76487)/0. 00582]7. 85866)0. 
. 40318) . 00253} . 54194) . 00348) . 66150) . 00459} . 76652) . 00584) . 86014) . 
. 40568) . 00255) . 54407] . 00350} . 66336] . 00461) . 76816) . 00586) . 86161) . 
. 40818) . 00256) . 54620) . 00352) . 66521) . 00463) . 76981) . 00589} . 86309) . 
. 41067] . 00257) . 54833) . 00353] . 66706) . 00465) . 77145] . 00591) . 86456) . 


7. 41315]0. 0025917. 55045)0. 00355]7. 66891|0. 0046717. 77308)0. 00593}7. 86603)0. 
. 41563) . 00260) . 55256) . 00357] . 67075) . 00469) . 77472) . 00595) . 86750) . 
. 41810) . 00262) . 55467) . 00359) . 67259] . 00471) . 77635) . 00598) . 86896) . 
. 42056) . 00263) . 55677) . 00360) . 67443) . 00473) . 77798) . 00600) . 87042) . 
. 42301) . 00265) . 55887] . 00362] . 67626) . 00475) . 77960) . 00602) . 87188) . 


. 42546)0. 00266]7. 56096)/0. 0036417. 67809)0. 00477)7. 78122|0. 00604]7. 87334)0. 
. 42790) . 00268] . 56305] . 00366] . 67991) . 00479] . 78284) . 00607] . 87480) . 
. 48034) . 00269) . 56513) . 00367] . 68173] . 00481) . 78446) . 00609] . 87625) . 
.43277| . 00271) . 56721] . 00369] . 68355] . 00483) . 78607) . 00611) . 87770) . 
- 43519) . 00272) . 56928) . 00371) . 68536] . 00485) . 78768) . 00613] . 87915) . 
7. 43760)|0. 0027417. 57135|0. 00373|7. 68717|0. 0048717. 78929/0. 00616}7. 88059)0. 00760 


“J 
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354° 353° 352° 
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TABLE 34 
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10° 17° 12° 13° 14° 
‘ Log Hav | Nat. Hav} Log Hav | Nat. Hav] Log Hav | Nat. Hav] Log Hav | Nat. Hav} Log Hav |Nat. Hav] ’ 
0 | 7. 88059)0. 00760}7. 96315|0. 00919]8. 03847/0. 01093]8. 10772/0. 01281]8. 17179|0. 01485] 60 
1 . 88203] . 00762] . 96446] . 00921] . 03967) . 01096} . 10883] . 01285} . 17282) . 01489] 59 
2 . 88348} . 00765] . 96577| . 00924} . 04087] . 01099] . 10993) . 01288] . 17384] . 01492] 58 
3 . 88491) . 00767] . 96707) . 00927] . 04207) . 01102] . 11104) . 01291] . 17487] . 01496] 57 
4 . 88635) . 00770} . 96838) . 00930} . 04326) . 01105] . 11214) . 01295] . 17590} . 01499] 56 
5 | 7. 88778)0. 00772|7. 96968/0. 00933]8. 04446]0. 01108]8. 11324/0. 01298]8. 17692/0. 01503] 55 
6 . 88921) . 00775] . 97098) . 00935} . 04565) . 01111] . 11435] . 01301] . 17794! . 01506) 54 
i . 89064) . 00777] . 97228) . 00938] . 04684) . 01114] . 11544) . 01305] . 17896] . 01510} 53 
8 . 89207) . 00780} . 97358) . 00941] . 04803) . 01117] . 11654) . 01308] . 17998] . 01513} 52 
9 . 89349) . 00783] . 97487) . 00944] . 04922) . 01120} . 11764) . 01311) . 18100} . 01517] 51 
10 | 7. 89491\0. 00785]7. 97617|0. 00947]8. 05041/0. 01123]8. 11873/0. 01314]8. 18202/0. 01521) 50 
il . 89633) . 00788] . 97746] . 00949] . 05159] . 01126] . 11983] . 01318] . 18303) . 01524] 49 
12 . 89775} . 00790} . 97875) . 00952] . 05277] . 01129) . 12092] . 01321] . 18405) . 01528] 48 
13 . 89916) . 00793} . 98003} . 00955} . 05395) . 01132] . 12201] . 01324] . 18506) . 01531] 47 
14 . 90057| . 00795} . 98132} . 00958} . 05513] . 01135] . 12310] . 01328] . 18607) . 01535] 46 
15 | 7. 90198)0. 00798]7. 98260)0. 00961]8. 05631/0. 01138]8. 12419/0. 013318. 18709)0. 01538] 45 
16 . 90339} . 00801) . 98389) . 00964] . 05749) . 01142) . 12528] . 01334] . 18810) . 01542] 44 
ily . 90480) . 00803] . 98517] . 00966] . 05866) . 01145) . 12636] . 01338] . 18910) . 01546] 43 
18 . 90620; . 00806} . 98644! . 00969] . 05984) . 01148] . 12745) . 01341] . 19011] . 01549] 42 
19 . 90760} . 00808} . 98772) . 00972] . 06101) . 01151] . 12853) . 01344] . 19112) . 01553) 41 
20 | 7. 90900/0. 00811}7. 98899]0. 00975]8. 06218)/0. 01154]8. 12961/0. 01348]8. 19212/0. 01556) 40 
21 . 91039; . 00814) . 99027} . 00978] . 06335) . 01157] . 13069) . 01351] . 19313} . 01560} 39 
22 . 91179) . 00816} . 99154) . 00981] . 06451) . 01160] . 13177) . 01354] . 19413] . 01564] 38 
23 . 91318) . 00819} . 99281) . 00984) . 06568] . 01163] . 13285] . 01358] . 19513) . 01567] 37 
24 . 91457! . 00821} . 99407) . 00986] . 06684) . 01166] . 13392) . 01361] . 19613) . 01571] 36 
25 | 7. 91596)/0. 00824]7. 99534/0. 00989]8. 06800/0. 01170]8. 13500/0. 01365]8. 19713)0. 01574] 35 
26 . 91734) . 00827] . 99660) . 00992) . 06917) . 01173] . 138607) . 01368} . 19813] . 01578] 34 
PA . 91872) . 00829] . 99786) . 00995} . 07032) . 01176) . 13714) . 01371] . 19913) . 01582) 33 
28 . 92010} . 00832}7. 99912) . 00998] . 07148) . 01179] . 138822) . 01375] . 20012) . 01585) 32 
29 . 92148] . 00835]8. 00038) . 01001] . 07264| . 01182] . 13928] . 01378] . 20112) . 01589} 31 
30 | 7. 92286)/0. 00837]8. 00163/0. 01004]8. 07379/0. 01185]8. 14035/0. 01382]8. 20211/0. 01593] 30 
31 . 92423] . 00840] . 00289) . 01007] . 07494) . 01188} . 14142) . 01385) . 20310) . 01596] 29 
32 . 92560} . 00843] . 00414) . 01010} . 07610) . 01192) . 14248) . 01388] . 20410} . 01600] 28 
33 . 92697] . 00845] . 00539) . 01012] . 07725) . 01195} . 14355) . 01392] . 20509] . 01604] 27 
34 . 92834] . 00848] . 00664) . 01015] . 07839) . 01198] . 14461) . 01395] . 20608} . 01607] 26 
35 | 7. 92970/0. 00851}8. 00788)0. 01018]8. 07954/0. 01201]8. 14567/0. 01399]8. 20706)0. 01611) 25 
36 . 93107) . 00853} . 00913] . 01021) . 08069] . 01204] . 14673) . 01402] . 20805] . 01615) 24 
3h . 93243] . 00856} . 01037} . 01024] . 08183] . 01207] . 14779] . 01405] . 20904) . 01618} 23 
38 . 93379] . 00859) . 01161] . 01027] . 08297) . 01211) . 14885) . 01409] . 21002] . 01622) 22 
39 . 93514] . 00861} . 01285! . 01030} . 08411) . 01214] . 14991) . 01412] . 21100; . 01626] 21 
40 | 7. 93650/0. 00864]/8. 01409)0. 01033]8. 08525/0. 01217|8. 15096)0. 01416]8. 21199/0. 01629] 20 
41 . 93785] . 00867] . 01532) . 01036] . 08639] . 01220) . 15201] . 01419] . 21297) . 01633] 19 
42 . 93920) . 00869] . 01656] . 01039} . 08752] . 01223] . 15307) . 01423) . 21395) . 01637] 18 
43 . 94055) . 00872] . 01779] . 01042] . 08866) . 01226] . 15412) . 01426] . 21493) . 01640) 17 
44 . 94189] . 00875] . 01902] . 01045} . 08979) . 01230) . 15517) . 01429] . 21590] . 01644] 16 
45 | 7. 94324/0. 00877/8. 02025/0. 01048]/8. 09092/0. 01233]8. 156220. 01433]8. 21688/0. 01648] 15 
46 . 94458] . 00880] . 02148} . 01051} . 09205] . 01236] . 15726] . 01436] . 21785) . 01651) 14 
47 . 94592) . 00883} . 02270] . 01054] . 09318] . 01239] . 15831] . 01440] . 21883) . 01655) 13 
48 . 94726] . 00886} . 02392) . 01057) . 09431) . 01243] . 15935) . 01443) . 21980} . 01659] 12 
49 . 94859) . 00888] . 02515} . 01060} . 09543) . 01246] . 16040) . 01447] . 22077) . 01663) 11 
50 | 7. 94992/0. 00891/8. 02637|0. 01063]8. 09656/0. 01249]8. 16144/0. 01450}8. 22175)0. 01666} 10 
ol . 95126) . 00894] . 02758) . 01066] . 09768] . 01252] . 16248] . 01454] . 22272) .01670) 9 
52 . 95259] . 00897] . 02880) . 01069] . 09880) . 01255] . 16352] . 01457] . 22368] . 01674) 8 
53 . 95391] . 00899} . 03001) . 01072] . 09992) . 01259] . 16456] . 01461] . 22465) . 01677) 7 
54 . 95524| . 00902) . 03123] . 01075] . 10104) . 01262] . 16559] . 01464] . 22562) . 01681) 6 
55 | 7. 9565610. 00905]8. 0324410. 01078]8. 10216/0. 01265]8. 16663]0. 01468]8. 22658/0. 01685) 5 
56 . 95788] . 00908] . 03365] . 01081] . 10327) . 01268) . 16766) . 01471] . 22755) . 01689) 4 
57 . 95920] . 00910} . 03486! . 01084] . 10439] . 01272] . 16870] . 01475) . 22851| . 01692) 3 
58 . 96052] . 00913] . 03606] . 01087] . 10550] . 01275) . 16973] . 01478] . 22947) . 01696] 2 
59 . 96183] . 00916] . 03727] . 01090} . 10661] . 01278} . 17076) . 01482] . 23044 . 01700 1 
60 | 7. 96315|0. 00919]8. 03847/0. 01093]8. 10772/0. 01281]8. 17179|0. 01485]8. 23140/0. 01704) 0 
349° 348° 347° 346° 345° 
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18° 


Log Hav 


Nat. Hav | Log Hav 


Nat. Hav] Log Hav 


Nat. Hav] Log Hav 


Nat. Hav] Log Hav 


RwWNr Oo 


8. 23140 


. 23235) . 


. 23331 


- 23427| . 


0. 01704/8. 28711 


. 23523] . 


0. 01937}8. 33940 


0. 02185]8. 38867 


. 84025) . 
. 34109] . 
. 84194) . 
. 84278) . 


0. 02447]8. 43522 
. 02452 
. 02456 
. 02461 
. 02465 


. 43597) . 
. 43673) . 
. 43748) . 
. 43823) . 


C CONT Or 


. 23618 


. 23713} . 
. 23809} . 
. 23904! . 
. 23999) . 


. 29249) . 
. 29338) . 
. 29427] . 
. 29516) . 


. 84362)0. 


. 34446) . 
. 84530) . 
. 34614) . 
. 84698) . 


. 024708. 43899)0. 
. 43974) . 
. 44049) . 
. 44124) . 
. 44199} . 


. 02474 
. 02479 
. 02483 
. 02488 


. 24094 


. 24189) . 
. 24283) . 
. 24378] . 
. 24473) . 


29605)0. 
. 29694) . 
. 29783) . 
. 29872) . 
. 29960] . 


. 34782)0. 
. 84865) . 
. 84949] . 
. 85032) . 
. 85116) . 


. 02492}8. 44273)0. 
. 44348) . 
. 44423) . 
. 44498) . 
. 44572) . 


. 02497 
. 02501 
. 02506 
. 02510 


. 24567 
. 24661 


24755) . 
24850) . 
24944) . 


30049)0. 
. 80137] . 
. 80226) . 
. 80314) . 
. 80402) . 


. 35199)0. 
. 85282) . 
. 85365) . 
. 35449] . 
. 85532) . 


. 40133 
. 40212 
. 40290 
. 40369 


. 02515]8. 44647)0. 


. 02520] . 44721 
. 02524 
. 02529 


. 02533 


' 44796] . 
' 44870 . 
44944] . 


. 25037 
. 25131 


25225) . 
25319] . 
25412! . 


30490)0. 
. 80578] . 
. 80666) . 
. 80754 . 
. 80842) . 


. 35614)0. 
. 35697] . 
. 85780} . 
. 85863) . 
. 85945] . 


. 40447 
. 40525 
. 40603 
. 40681 
. 40760 


. 02538)8. 45018)0. 
. 45093) . 
. 45167] . 


. 02542 
. 02547 
. 02552 
. 02556 


. 45241 


45315) 


. 25505 


. 25599) . 
. 25692) . 
. 25785] . 
. 25878] . 


30929)0. 
. 31017) . 
. 31104) . 
. 31192) . 
. 31279) . 


. 36028)0. 
. 36110} . 
. 36193} . 
. 86275] . 
. 86357] . 


. 40837 
. 40915 
. 40993 
. 41071 
. 41149 


. 02561]8. 45388)0. 
. 45462) . 
. 45536) . 
. 45610] . 
. 45683) . 


. 02565 
. 02570 
. 02575 
. 02579 


. 25971 


. 26064| . 
. 26156] . 
. 26249] . 


. 26341 


31366)0. 
. 81453) . 
. 31540] . 
. 31627] . 
. 31714) . 


. 86521 


. 86439)0. 


- 36603) . 
- 36685) . 
_ 36767] . 


. 41226 
. 41304 
. 41381 
. 41459 
. 41536 


. 02584]8. 45757)0. 
. 45830) . 
. 45904, . 
. 45977| . 
. 46050) . 


. 02588 
. 02593 
. 02598 
. 02602 


. 26434 


. 26526) . 
. 26618} . 
. 26710] . 
. 26802) . 


31800)0. 
. 31887] . 
. 31974 . 
. 82060} . 
. 82147! . 


. 36849)0. 
. 86930] . 
. 37012) . 
. 37093) . 
. 37175) . 


. 41613 
. 41690 
. 41767 
. 41845 
. 41921 


. 02607/8. 46124)0. 
. 46197] . 
. 46270) . 
. 46343) . 
. 46416) . 


. 02612 
. 02616 
. 02621 
. 02626 


. 26894 


. 26986] . 
. 27078) . 
. 27169] . 


. 27261 


32233)0. 
. 32319) . 
. 82405) . 


. 382491 


82577) . 


. 37581 


. 37256)0. 
. 37337| . 
. 37419] . 
. 37500} . 


. 41998 
. 42075 
. 42152 
. 42229 
. 42305 


. 02630]8. 46489)0. 
. 46562) . 
. 46634) . 
. 46707) . 
. 46780] . 


. 02635 
. 02639 
. 02644 
. 02649 


. 27352)0. 
. 27443) . 
. 27534) . 
. 27626) . 
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. 32663)0. 
. 382749) . 
. 82834) . 
. 82920) . 
. 38006] . 


. 37662)0. 
. 37742) . 
. 87823) . 
. 37904) . 
. 37985] . 


. 42382 
. 42458 
. 42535 
. 42611 
. 42687 


. 02653)8. 46852)0. 
. 46925) . 
. 46998) . 
. 47070) . 
. 47142) . 


. 02658 
. 02663 
. 02668 
. 02672 


. 27807 


. 27898) . 
. 27989] . 
. 28080] . 
. 28170] . 


33091 


. 33176) . 
. 33262) . 
. 338347) . 
. 838432) . 


. 380650. 
. 38146) . 
. 38226] . 
. 38306) . 
. 38387) . 


. 42840 
. 42916 
. 42992 
. 43068 


. 42764|( 


. 02682 
. 02686 
. 02691 
. 02696 


. 47431 


. 02677}8. 47215)0. 
. 47287| . 
. 47359) . 


| 47503) . 


. 28260 
. 28351 
. 28441 
. 28531 
. 28621 
. 28711 


33517)0. 
. 33602) . 
. 33686) . 


. 33771 


_ 33856) . 


0. 01937|8. 33940 


0. 02185}]8. 38867 


. 38467)0. 
. 38547] . 
. 38627) . 
. 88707) . 
. 38787) . 


. 43144 
. 43219 
. 43295 
. 43371 
. 43446 
0. 02447|8. 43522 


. 02700|8. 47575)0. 
. 47647| . 
. 47719) . 


. 02705 
. 02710 
. 02715 
02719 


SAA 


' 47862) . 
0. 02724]8. 4793410. 
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TABLE 34 
Haversines 
20° 21° 22° 23° 

p Log Hav | Nat. Hav} Log Hav | Nat. Hav} Log Hav | Nat. Hav] Log Hav i 
0 | 8. 47934/0. 038015]8. 52127/0. 03321]8. 56120/0. 03641]8. 59931 60 
1 . 48006} . 08020] . 52195} . 038326] . 56185) . 03646] . 59993] . . 63635) . 59 
2 . 48077) . 038025] . 52263) . 03331] . 56250] . 03652) . 60055) . . 638695) . 58 
3 . 48149} . 038030} . 52331) . 03337] . 56315) . 03657] . 60117) . . 63754) . OW, 
4 . 48220} . 038035) . 52399) . 03342] . 56379] . 03663] . 60179] . . 63813 56 
5 . 48292/0. 03040]8. 52467)/0. 08347]8. 56444/0. 03668]8. 60241)0. . 63872)0. 55 
6 . 48363} . 038045] . 52535) . 03352] . 56509] . 03674] . 60303) . . 63932] . 54 
7 . 48434) . 038050] . 52602) . 038358] . 56574) . 03679) . 60365) . . 63991) . 53 
8 . 48505} . 038055] . 52670) . 03363] . 56638) . 038685] . 60426) . . 64050} . 52 
9 . 48576) . 03060] . 52738) . 03368] . 56703) . 03690] . 60488) . . 64109} . 51 
10 . 48648 0. 030658. 52806)0. 03373]8. 56767)0. 0369518. 60550)0. . 64168)0. 50 
11 . 48719) . 03070) . 52873] . 03379] . 56832) . 03701) . 60611} . . 64227) . 49 
12 . 48789) . 03075) . 52941] . 03384] . 56896] . 03706] . 60673) . . 64286] . 48 
13 . 48860] . 03080} . 53008) . 03389] . 56960) . 03712} . 60734) . . 64845) . 47 
14 . 48931) . 03085] . 53076] . 03394] . 57025) . 03717] . 60796) . . 64404! . 46 
15 . 49002)0. 03090]8. 53143)0. 03400]8. 57089)0. 03723]8. 60857)0. . 64463)0. 45 
16 . 49073) . 03095} . 53210) . 03405) . 57153) . 03728] . 60919] . 645210 - 44 
Le . 49143) . 03101] . 53277) . 03410) . 57217) . 03734] . 50980) . . 64580} . 43 
18 . 49214) . 03106) . 53345) . 03415) . 57282) . 03740) . 51041) . . 64639} . 42 
19 . 49284] . 03111). 538412) . 03421] . 57346) . 03745) . 61103] . . 64697] . 41 
20 . 49355)0. 03116]8. 53479/0. 03426]8. 57410)/0. 0375118. 61164)0. . 64756)0. 40 
21 . 49425) . 03121] . 53546] . 03431] . 57474) . 03756) . 61225) . . 64815) . 39 
22 . 49496) . 03126) . 53613) . 03437] . 57538) . 03762] . 61286) . . 64873] . 38 
23 . 49566) . 03131] . 53680) . 03442] . 57601) . 03767] . 61347) . . 64932] . 37 
24 . 49636] . 03136] . 53747| . 03447] . 57665) . 03773) . 61408) . . 64990) . 36 
25 | 8. 49706/0. 03141]8. 53814|0. 03453|8. 57729|0. 03778)8. 61469)0. - 6504910. 35 
26 . 49777) . 03146] . 53880) . 03458] . 57793) . 03784) . 61530) . . 65107] . 34 
27 . 49847] . 03151} . 53947) . 03463] . 57856] . 03789] . 61591) . . 65165} . 33 
28 . 49917] . 03156} . 54014) . 03468] . 57920] . 03795] . 61652] . . 65224) . 32 
29 . 49987) . 03161] . 54080) . 03474] . 57984) . 03800] . 61713] . . 65282) . 31 
30 . 50056\0. 03166]8. 54147)/0. 03479]8. 58047\0. 03806]8. 61773)0. . 65340)0. 30 
31 . 80126; . 03171] . 54214) . 03484] . 58111] . 038812] . 61834! . . 65398) . 29 
32 . 50196) . 03177] . 54280) . 03490] . 58174) . 03817] . 61895) . . 65456) . 28 
33 . 50266) . 03182] . 543846) . 03495] . 58238) . 03823] . 61955) . . 65514) . 20. 
34 . 60335) . 03187] . 54413) . 03500] . 58301) . 03828] . 62016) . 6557 2\te 26 
35 . 50405/0. 03192]8. 54479)/0. 03506]8. 58364/0. 03834]8. 62077)0. . 65630)0. 25 
36 . 50475) . 03197) . 54545) . 03511] . 58427) . 03839] . 62137) . . 65688) . 24 
37 . 60544] . 03202) . 54612) . 03517] . 58491) . 038845] . 62197) . . 65746) . 23 
38 . 60614! . 03207) . 54678] . 03522] . 58554! . 038851] . 62258) . . 65804] . 22 
39 . 50683) . 03212) . 54744) . 03527] . 58617) . 038856] . 62318) . . 65862] . Pail 
40 . 50752)0. 03218)8. 54810)0. 03533]8. 58680)0. 03862]8. 62379)0. . 65920)0. 20 
41 . 50821) . 03223] . 54876) . 03538] . 58743] . 03867] . 62439) . . 65978) . 19 
42 . 50891) . 03228) . 54942) . 03543] . 58806) . 03873] . 62499) . . 66035) . 18 
43 . 50960} . 03233] . 55008) . 03549] . 58869) . 03879] . 62559) . . 66093) . 17 
44 . 51029; . 03238] . 55073) . 03554] . 58932) . 03884] . 62619) . . 66151 16 
45 . 1098/0. 03243]8. 55139|0. 03560]8. 58994/0. 03890]8. 62680)0. . 66208)0. 15 
46 . 51167) . 03248] . 55205) . 03565] . 59057) . 038896] . 62740} . . 66266} . 14 
47 , 51236) . 03254] . 55271] . 03570] . 59120] . 03901} . 62800} . . 66323) . 13 
48 . 51305} . 03259] . 55336] . 03576] . 59183] . 03907] . 62860} . . 66381 12 
49 . 61374! . 03264] . 55402) . 03581] . 59245] . 03912] . 62919) . . 66438} . 11 
50 . 5144210. 03269]8. 55467/0. 03587]8. 59308/0. 03918]8. 62979)0. . 66496)0. 10 
51 . 1511) . 03274] . 55533] . 03592) . 59370) . 03924] . 63039) . . 66553) . 9 
52 . 51580} . 03279) . 55598) . 03597] . 59433] . 03929) . 63099) . . 66610) . 8 
53 . 51648) . 03285] . 55664] . 03603] . 59495) . 03935] . 63159) . . 66668) . 7 
54 . 51717) . 03290] . 55729] . 03608] . 59558) . 03941] . 63218) . . 66725). 6 
55 . 51785)0. 03295]8. 557940. 0361418. 59620)0. 039468. 63278)0. . 66782)0. 5 
56 . 51854) . 03300] . 55859] . 03619] . 59682) . 03952) . 63338) . . 66839) . 4 
57 . 51922) . 03305] . 55925! . 03624) . 59745) . 03958] . 63397) . . 66896) . 3 
58 . 51990) . 03311] . 55990) . 03630] . 59807} . 03963] . 63457) . . 66953) . 2 
59 . 52058) . 03316} . 56055) . 03635] . 59869} . 03969] . 63516) . 67010} . 1 
60 . 52127)/0. 03321]8. 56120)0. 03641]8. 5993110. 039758. 63576 67067)0. 0 
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TABLE 34 


Haversines 


25° 26° 27° 28° 


29° 


Log Hav 


Nat. Hav] Log Hav | Nat. Hav] Log Hav | Nat. Hav} Log Hav 


Nat. Hav] Log Hav 


0 | 8. 67067\0. 04685]8. 70418/0. 05060]8. 73637\0. 05450]8. 76735|0. 05853]8. 79720/0. 06269) 60 

1 . 67124] . 04691] . 70472} . 05067] . 73690] . 05456] . 76786; . 05859] . 79769) . 06276) 59 
2 . 67181} . 04697] . 70527) . 05073] . 73742) . 05463] . 76836} . 05866] . 79818) . 06283) 58 

3 . 67238] . 04703] . 70582) . 05079] . 73795} . 05469] . 76887) . 05873] . 79866] . 06290] 57 
+ . 67295} . 04709] . 70636] . 05086] . 73847) . 05476] . 76938) . 05880] . 79915) . 06297] 56 

5 | 8. 67352)/0. 04715]8. 706910. 05092]8. 73900|0. 05483]8. 76988)0. 05887]8. 79964|0. 06304) 55 
6 . 67409] . 04722] . 70745) . 05099] . 73952) . 05489] . 77039} . 05894} . 80013) . 06311) 54 

7 . 67465) . 04728) . 70800) . 05105] . 74005) . 05496) . 77089) . 05901} . 80061) . 06318) 53 
8 . 67522) . 04734] . 70854) . 05111) . 74057] . 05503) . 77139) . 05907] . 80110} . 06326) 52 
9 . 67579) . 04740} . 70909) . 05118] . 74109) . 05509) . 77190) . 05914) . 80158) . 06333) 51 
10 | 8. 67635)0. 04746]8. 70963/0. 05124/8. 74162/0. 05516]8. 77240)0. 05921]8. 80207)0. 06340] 50 
11 . 67692) . 04752] . 71017) . 05131] . 74214) . 05523) . 77291) . 05928] . 80256) . 06347) 49 
12 . 67748) . 04759] . 71072] . 05137] . 74266) . 05529) . 77341) . 05935] . 80304) . 06354) 48 
13 . 67805} . 04765) . 71126] . 05144] . 74318) . 05536) . 77391) . 05942) . 80353) . 06361) 47 
14 . 67861} . 04771) . 71180] . 05150] . 74371) . 05542) . 77441) . 05949) . 80401) . 06368] 46 
15 | 8. 67918)0. 04777)8. 71234|0. 05156]8. 74423)0. 05549]8. 77492|0. 05955]8. 80449/0. 06375] 45 
16 . 67974| . 04783] . 71289) . 05163} . 74475) . 05556] . 77542) . 05962] . 80498) . 06382] 44 
17 . 68030} . 04790] . 71343) . 05169] . 74527) . 05562) . 77592) . 05969} . 80546) . 06389) 43 
18 . 68087| . 04796] . 71397] . 05176] . 74579) . 05569) . 77642) . 05976) . 80595) . 06397) 42 
19 . 68143) . 04802) . 71451) . 05182) . 74631) . 05576] . 77692) . 05983] . 80643) . 06404] 41 
20 | 8. 68199/0. 04808]8. 71505)0. 0518918. 74683)0. 05582/8. 777420. 05990]8. 80691/0. 06411] 40 
21 . 68256] . 04815] . 71559) . 05195) . 74735) . 05589} . 77792) . 05997) . 80739) . 06418] 39 
22 . 68312] . 04821] . 71613] . 05201) . 74787) . 05596) . 77842) . 06004) . 80788) . 06425) 38 
23 . 68368] . 04827) . 71667| . 05208] . 74839) . 05603] . 77892) . 06011] . 80836) . 06432] 37 
24 . 68424) . 04833] . 71721) . 05214] . 74890] . 05609) . 77942) . 06018] . 80884) . 06439) 36 
25 | 8. 68480/0. 04839]8. 71774|0. 0522118. 74942/0. 05616]8. 77992/0. 0602418. 80932)0. 06446] 35 
26 . 68536) . 04846] . 71828) . 05227] . 74994| . 05623] . 78042) . 06031) . 80980) . 06454) 34 
27 . 68592) . 04852] . 71882) . 05234] . 75046) . 05629] . 78092) . 06038] . 81028) . 06461] 33 
28 . 68648) . 04858] . 71936) . 05240] . 75097) . 05636] . 78142) . 06045) . 81076) . 06468) 32 
29 . 68704] . 04864) . 71989) . 05247) . 75149) . 05643) . 78191) . 06052) . 81124) . 06475) 31 
30 | 8. 68760)0. 04871)8. 72043)0. 05253]8. 75201)0. 05649]8. 78241)0. 06059]8. 81172)|0. 06482) 30 
31 . 68815) . 04877) . 72097) . 05260] . 75252) . 05656] . 78291) . 06066) . 81220) . 06489) 29 
32 . 68871) . 04883} . 72150) . 05266] . 75304! . 05663] . 78341} . 06073] . 81268) . 06497) 28 
33 . 68927) . 04890} . 72204) . 05273) . 75355) . 05670] . 78390} . 06080} . 81316) . 06504) 27 
34 . 68983) . 04896] . 72257) . 05279) . 75407] . 05676] . 78440} . 06087) . 81364) . 06511) 26 
35 | 8. 69038]0. 04902]8. 72311)0. 05286]8. 75458/0. 056838. 78490)0. 06094}8. 81412/0. 06518} 25 
36 . 69094) . 04908] . 72364] . 05292] . 75510} . 05690] . 78539; . 06101) . 81460) . 06525) 24 
37 . 69149) . 04915) . 72418) . 05299) . 75561) . 05697] . 78589) . 06108] . 81508) . 06532) 23 
38 . 69205} . 04921] . 72471) . 05305] . 75613) . 05703] . 78638} . 06115] . 81555) . 06540} 22 
39 . 69260] . 04927] . 72525) . 05312] . 75664) . 05710) . 78688) . 06122) . 81603) . 06547] 21 
40 | 8. 69316/0. 04934]8. 72578)/0. 05318]8. 75715/0. 05717]8. 78737 |0. 06129]8. 81651/0. 06554} 20 
41 . 69371) . 04940) . 72631) . 05325) . 75767) . 05724) . 78787| . 06136] . 81699) . 06561) 19 
42 . 69427) . 04946] . 72684) . 05331] . 75818] . 05730) . 78836) . 06143] . 81746) . 06568) 18 
43 . 69482) . 04952) . 72738) . 05338) . 75869) . 05737) . 78885) . 06150} . 81794) . 06576) 17 
44 . 69537) . 04959) . 72791) . 05345] . 75920] . 05744) . 78935) . 06157) . 81841} . 06583) 16 
45 | 8. 69593)0. 04965]8. 72844/0. 05351]8. 75972)0. 05751]8. 78984|0. 06164)8. 81889)0. 06590] 15 
46 . 69648] . 04971] . 72897] . 05358) . 76023) . 05757] . 79033) . 06171] . 81937) . 06597] 14 
47 . 69703) . 04978] . 72950] . 05364) . 76074) . 05764] . 79082] . 06178] . 81984) . 06605] 13 
48 . 69758) . 04984) . 73003) . 05371) . 76125) . 05771) . 79132) . 06185] . 82032) . 06612] 12 
49 . 69814| . 04990] . 73056) . 05377] . 76176) . 05778) . 79181} . 06192] . 82079) . 06619) 11 
50 | 8. 69869\0. 04997]8. 731090. 0538418. 76227|0. 05785]8. 79230)0. 06199]8. 82126)/0. 06626) 10 
51 . 69924) . 05003] . 73162} . 05390) . 76278) . 05791) . 79279) . 06206] . 82174] . 06633) 9 
52 . 69979] . 05009] . 73215] . 05397) . 76329) . 05798) . 79328) . 06213] . 82221) . 06641) 8 
53 . 70034] . 05016] . 73268) . 05404] . 76380) . 05805) . 79377) . 06220] . 82269) . 06648} 7 
54 . 70089} . 05022] . 73321) . 05410) . 76431) . 05812) . 79426) . 06227] . 82316) . 06655) 6 
55 | 8. 70144/0. 050288. 73374/0. 054178. 76481|0. 05819]8. 79475/0. 06234/8. 82363/0. 06662] 5 
56 . 70198) . 05035) . 73426] . 05423) . 76532) . 05825) . 79524) . 06241] . 82410) . 06670) 4 
57 . 70253] . 05041] . 73479) . 05430) . 76583) . 05832) . 79573) . 06248} . 82458) . 06677) 3 
58 . 70308) . 05048] . 73532) . 05436] . 76634) . 05839) . 79622) . 06255) . 82505) . 06684) 2 
59 . 70363) . 05054) . 73584| . 05443) . 76684) . 05846] . 79671) . 06262) . 82552) . 06691) 1 
60 0. _ 73637 0. 0545018. 76735) 0. 05853)8. 7972010. 06269|8. 8259910. 06699] 0 
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TABLE 34 
Haversines 
30° 31° $2° 33° 34° 

if Log Hav | Nat. Hav} Log Hay | Nat. Hav] Log Hav | Nat. Hav] Log Hav | Nat. Hav] Log Hay | Nat. Hav 

0 | 8. 82599)0. 06699/8. 85380/0. 07142]8. 88068)0. 07598]8. 90668/0. 08066]8. 93187/0. 08548] 60 

1 . 82646) . 06706) . 85425] . 07149) . 88112) . 07605] . 90711) . 08074] . 93228) . 08556) 59 

2 . 82694) . 06713] . 85471) . 07157] . 88156) . 07613] . 90754) . 08082] . 93270] . 08564) 58 

3 . 82741] . 06721) . 85516) . 07164} . 88200) . 07621) . 90796) . 08090} . 93311) . 08573) 57 

4 . 82788] . 06728) . 85562) . 07172) . 88244) . 07628) . 90839) . 08098] . 93352) . 08581] 56 
5 | 8. 82835]/0. 06735]8. 85607/0. 07179]8. 88288]0. 07636]8. 90881/0. 08106]/8. 93393]/0. 08589} 55 

6 . 82882) . 06742] . 85653) . 07187] . 88332) . 07644] . 90924] . 08114] . 93435] . 08597] 54 

7 . 82929) . 06750] . 85698} . 07194) . 88375) . 07652) . 90966} . 08122] . 93476] . 08605] 53 

8 . 82976) . 06757] . 85743] . 07202) . 88419] . 07659] . 91009} . 08130) . 93517) . 08613) 52 

9 . 83023) . 06764) . 85789) . 07209] . 88463] . 07667) . 91051) . 08138) . 93558) . 08621) 51 
10 | 8 83069/0. 067728. 85834|0. 07217]8. 88507/0. 07675]8. 91094]0. 08146]8. 93599/0. 08630] 50 
il . 83116} . 06779) . 85879] . 07224] . 88551) . 07683) . 91136] . 08154] . 93640) . 08638) 49 
12 . 83163) . 06786] . 85925) . 07232) . 88595] . 07690} . 91179] . 08162] . 93681} . 08646] 48 
13 . 83210) . 06794) . 85970) . 07239] . 88638) . 07698] . 91221) . 08170} . 93722) . 08654] 47 
14 . 83257| . 06801] . 86015] . 07247] . 88682) . 07706) . 91263) . 08178] . 93764) . 08662] 46 
15 | 8. 83303/0. 06808/8. 86060/0. 07254/8. 88726/0. 0771418. 91306/0. 08186]8. 93805]0. 08671) 45 
16 . 83350) . 06816} . 86105] . 07262) . 88769] . 07721] . 91348] . 08194] . 93846] . 08679] 44 
17 . 83397) . 06823] . 86151) . 07270] . 88813) . 07729} . 91390) . 08202] . 93886] . 08687] 43 
18 . 83444! . 06830] . 86196) . 07277) . 88857) . 07737) . 91432) . 08210) . 93927] . 08695] 42 
19 . 83490) . 06838] . 86241) . 07285) . 88900) . 07745) . 91475] . 08218] . 93968] . 08703} 41 
20 | 8. 83537/0. 06845]8. 86286/0. 07292]8. 88944/0. 0775218. 91517/0. 08226]8. 94009|0. 08711} 40 
21 . 83583] . 06852] . 86331) . 07300] . 88988) . 07760) . 91559) . 08234) . 94050} . 08720) 39 
22 . 83630) . 06860} . 86376) . 07307] . 89031) . 07768] . 91601] . 08242) . 94091] . 08728) 38 
23 . 83676] . 06867) . 86421| . 07315] . 89075) . 07776) . 91643) . 08250) . 94132] . 08736] 37 
24 . 83723) . 06874] . 86466) . 07322) . 89118} . 07784] . 91685) . 08258] . 94173] . 08744) 36 
25 | 8. 83769)0. 06882)/8. 86511/0. 07330]8. 89162]0. 07791]8. 91728)/0. 08266]8. 94213/0. 08753) 35 
26 . 83816) . 06889] . 86556} . 07338) . 89205] . 07799] . 91770} . 08274] . 94254) . 08761) 34 
27 . 83862) . 06896] . 86600} . 07345) . 89248) . 07807] . 91812) . 08282) . 94295) . 08769) 33 
28 . 83909] . 06904} . 86645) . 07353] . 89292) . 07815] . 91854) . 08290] . 94336) . 08777] 32 
29 . 83955} . 06911] . 86690) . 07360] . 89335) . 07823] . 91896) . 08298] . 94376} . 08785} 31 
30 | 8. 84002/0. 06919]8. 86735/0. 07368]8. 89379/0. 07830/8. 91938/0. 08306]8. 94417)/0. 08794] 30 
31 . 84048] . 06926] . 86780) . 07376] . 89422) . 07838] . 91980) . 08314] . 94458] . 08802] 29 
32 . 84094) . 06933] . 86825) . 07383] . 89465) . 07846] . 92022) . 08322] . 94498) . 08810} 28 
33 . 84140] . 06941) . 86869] . 07391] . 89509} . 07854] . 92064) . 08330) . 94539] . 08818) 27 
34 . 84187] . 06948} . 86914) . 07398] . 89552) . 07862} . 92105) . 08338] . 94580) . 08827] 26 
35 | 8. 84233/0. 06955]/8. 86959)0. 074068. 89595)0. 07870)8. 92147/0. 08346]8. 94620)0. 08835) 25 
36 . 84279] . 06963] . 87003) . 07414] . 89638) . 07877] . 92189) . 08354] . 94661) . 08843) 24 
37 . 84325] . 06970} . 87048) . 07421] . 89681] . 07885] . 92231) . 08362) . 94701) . 08851) 23 
38 . 84371] . 06978] . 87093) . 07429] . 89725) . 07893] . 92273) . 08370) . 94742) . 08860} 22 
39 . 84417| . 06985) . 87137) . 07437] . 89768) . 07901] . 92315) . 08378] . 94782) . 08868} 21 
40 | 8. 84464/0. 06993]8. 87182]0. 07444]8. 89811]0. 07909]8. 92356/0. 08386]8. 94823)0. 08876] 20 
41 . 84510] . 07000] . 87226) . 07452] . 89854) . 07917] . 92398) . 08394) . 94863] . 08885) 19 
42 . 84556) . 07007] . 87271) . 07459] . 89897) . 07924) . 92440) . 08402] . 94904) . 08893) 18 
43 . 84602) . 07015] . 87315) . 07467) . 89940} . 07932] . 92482) . 08410) . 94944) . 08901) 17 
44 . 84648] . 07022) . 87360) . 07475] . 89983] . 07940) . 92523) . 08418) . 94985) . 08909) 16 | 
45 | 8. 84694/0. 07030]8. 87404/0. 07482/8. 90026|0. 07948]8. 92565/0. 08427]8. 95025/0. 08918} 15 
46 . 84740] . 07037] . 87448) . 07490] . 90069) . 07956] . 92607) . 08435) . 95065] . 08926) 14 
47 . 84785] . 07045] . 87493) . 07498] . 90112) . 07964] . 92648) . 08443) . 95106) . 08934) 13 
48 . 84831) . 07052) . 87537) . 07505) . 90155] . 07972) . 92690] . 08451) . 95146} . 08943) 12 
49 . 84877) . 07059] . 87582) . 07513] . 90198) . 07980] . 92731) . 08459) . 95186) . 08951} 11 
50 | 8. 84923]0. 07067|8. 87626/0. 0752118. 90241/0. 07987]8. 92773/0. 08467/8. 95227/0. 08959} 10 
51 . 84969] . 07074) . 87670] . 07528) . 90284] . 07995] . 92814) . 08475) . 95267| . 08967) 9 
52 . 85015) . 07082) . 87714] . 07536) . 90326] . 08003} . 92856] . 08483} . 95307) . 08976) 8 
53 . 85060) . 07089] . 87759] . 07544] . 90369] . 08011] . 92897) . 08491) . 95347) . 08984) 7 
54 . 85106} . 07097] . 87803) . 07551) . 90412) . 08019] . 92939) . 08499] . 95388) . 08992; 6 
55 | 8 85152/0. 07104]8. 87847)/0. 07559}8, 90455/0. 08027/8. 929800. 08507/8. 95428/0. 09001} 5 
56 . 85197] . 07112) . 87891) . 07567] . 90498) . 08035] . 93022) . 08516] . 95468) . 09009] 4 
57 . 85243] . 07119) . 87935) . 07574] . 90540) . 08043] . 93063) . 08524] . 95508) . 09017] 3 
58 . 85289] . 07127] . 87980) . 07582) . 90583] . 08051) . 93104) . 08532] . 95548) . 09026) 2 
59 . 85334) . 07134] . 88024! . 07590} . 90626] . 08059} . 93146} . 08540] . 95588) . 09034) 1 
60 | 8. 85380/0. 07142]8. 88068/0. 0759818, 90668/0. O8066]8. 93187|0. 08548]/8. 95628)/0. 09042} 0 
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TABLE 34 
Haversines 
35° 36° 3a 38° 

y Log Hav | Nat. Hav] Log Hav | Nat. Hav| Log Hav | Nat, Hav] Log Hav | Nat. Hav] Log Hav 

0 | 8. 95628/0. 0904218. 97997/0. 09549]9. 00295/0. 10068)9. 02528)0. 10599}9. 04699) 0. 60 
1 . 95668) . . 98035) . 09558} . 00333) . 10077] . 02565) . 10608] . 04735) . 59 
2 . 95709] . . 98074) . 09566] . 00371) . 10086} . 02602) . 10617] . 04770) . 58 
3 . 95749 . . 98113) . 09575] . 00408) . 10094) . 02638) . 10626] . 04806) . 57 
At . 95789) . . 98152) . 09583] . 00446) . 10103] . 02675) . 10635) . 04842) . 56 
5 . 95828) 0. . 98191)0. 0959219. 00484/0. 10112)9. 02712)0. 10644]9. 04877)0. By) 
6 . 95868) . . 98229} . 09601] . 00522) . 10121] . 02748) . 10653) . 04913) . 54 
or . 95908 . . 98268) . 09609] . 00559) . 10130} . 02785) . 10662) . 04948) . 53 
8 . 95948) . . 98307| . 09618] . 00597| . 10138} . 02821) . 10671] . 04984) . 2 
9 . 95988) . . 98346) . 09626] . 00634 . 10147] . 02858) . 10680) . 05019) . 51 
10 . 96028 )0. . 98384/0. 09635}9. 00672/0. 10156}9. 02894/0. 10689]9. 05055)0. 50 
aia . 96068) . . 98423) . 09643] . 00710) . 10165} . 02931) . 10698} . 05090) . 49 
12 . 96108) . . 98462} . 09652) . 00747) . 10174] . 02967) . 10707} . 05126) . 48 
13 . 96148) . . 98500; . 09661) . 00785) . 10182} . 03004) . 10716) . 05161) . 47 
14 . 96187| . . 98539} . 09669} . 00822) . 10191] . 03040) . 10725} . 05197) . 46 
15 . 96227)0. . 98578)0. 09678]9. 00860/0. 10200}9. 038077)\0. 10734]9. 05232)0. 45 
16 . 96267) . . 98616) . 09686} . 00897) . 10209] . 03113) . 10743] . 05268) . 44 
17 . 96307) . . 98655) . 09695] . 00935! . 10218) . 08150! . 10752} . 05303) . 43 
18 . 96346) . . 98693) . 09704) . 00972) . 10226) . 08186) . 10761] . 05339) . 42 
19 . 96386) . . 98732) . 09712} . 01009] . 10235) . 08222) . 10770) . 05374) . 41 
20 . 96426) 0. . 98770)0. 09721)9. 01047/0. 10244}9. 038259)0. 10779}9. 05409)0. 40 
21 . 96465) . . 98809) . 09729] . 01084) . 10253] . 03295) . 10788] . 05445) . 39 
22 . 96505) . 7| . 98847) . 09738} . 01122) . 10262] . 083831) . 10797} . 05480) . 38 
23 . 96545) . . 98886) . 09747] . 01159} . 10270] . 03368) . 10806] . 05515) . 37 
24 . 96584) . . 98924) . 09755) . 01196) . 10279) . 03404) . 10815} . 05551 36 
25 . 96624 . 98963)0. 0976419. 01234/0. 10288]9. 03440)/0. 1082419. 05586)0. 35 
26 . 96663 . 99001) . 09773] . 01271) . 10297) . 03476) . 10833] . 05621) . 34 
27 . 96703 . 99039) . 09781} . 01308) . 10306] . 03513) . 10842} . 05656) . 33 
28 . 96742) . . 99078) . 09790} . 01345) . 10315] . 03549) . 10851] . 05692) . 32 
29 . 96782) . . 99116} . 09799] . 01383] . 10323] . 03585) . 10861} . 05727) . 31 
30 . 96821 . 99154/0. 09807]9. 01420)0. 10332)9. 038621\0. 10870}9. 05762)0. 30 
31 . 96861) . . 99193) . 09816} . 01457) . 10341] . 038657) . 10879] . 05797) . 29 
32 . 96900) . . 99231) . 09824) . 01494! . 10350) . 03694) . 10888] . 05832) . 28 
33 . 96940) . . 99269) . 09833] . 01531) . 10359] . 03730) . 10897] . 05867) . 27 
34 . 96979 . 99307) . 09842) . 01569) . 10368} . 03766) . 10906} . 05903) . 26 
35 . 97018)0. . 99346) 0. 09850]9. 01606/0. 10377]9. 03802)0. 10915]9. 05938)0. 20 
36 . 97058) . . 99384) . 09859] . 01643) . 10386] . 038388) . 10924] . 05973) . 24 
37 . 97097) . . 99422) . 09868} . 01680; . 10394] . 03874) . 10933] . 06008) . 23 
38 . 97136) . . 99460) . 09876] . 01717) . 10403] . 03910) . 10942] . 06043) . 22 
39 . 97176) . . 99498) . 09885} . 01754) . 10412] . 03946) . 10951] . 06078) . 21 
40 . 97215)0. . 99536) 0. 09894]9. 01791\0. 10421]9. 03982/0. 10960}9. 06113) 0. 20 
41 . 97254! . 7] . 99575) . 09903} . 01828) . 10480} . 04018) . 10969] . 06148) . 19 
42 . 97294) . . 99613; . 09911] . 01865) . 10439) . 04054) . 10978] . 06183) . 18 
43 . 97333) . . 99651) . 09920} . 01902) . 10448) . 04090) . 10988] . 06218) . Wf 
44 QOD 2 . 99689, . 09929] . 01939) . 10457] . 04126) . 10997] . 06253) . 16 
45 . 97411)0. . 9972710. 09937]9. 01976)0. 10466]9. 04162/0. 11006]9. 06288) 0. 1s 
46 . 97450) . . 99765) . 09946] . 02013) . 10474) . 04198) . 11015] . 06323) . 14 
47 . 97489) . . 99803) . 09955} . 02050) . 10483} . 04234) . 11024] . 06358) . 13 
48 . 97529] . . 99841) . 09963] . 02087) . 10492] . 04270) . 11033] . 06393) . 12 
49 . 97568) . . 99879| . 09972] . 02124) . 10501] . 04306) . 11042] . 06428) . itl 
50 . 976070. . 99917)0. 09981]9. 02161)0. 10510}9. 04341/0. 11051]9. 06462)0. 10 
51 . 97646) . . 99955) . 09990} . 02197) . 10519] . 04877) . 11060] . 06497) . 9 
52 . 97685] . . 99993) . 09998) . 02234) . 10528] . 04413) . 11070] . 06532) . 8 
53 . 97724! . . 00031} . 10007] . 02271] . 10537] . 04449) . 11079] . 06567) . tf 
54 . 97763) . . 00068) . 10016} . 02308) . 10546} . 04485) . 11088) . 06602) . 6 
55 . 97802)0. . 00106)0. 10025}9. 02345)0. 10555]9. 04520)0. 11097}9. 06637)0. 5 
56 . 97841) . . 00144) . 10033] . 02381) . 10564] . 04556) . 11106] . 06671) . 4 
57 . 97880) . . 00182) . 10042] . 02418) . 10573] . 04592) . 11115] . 06706) . 3 
58 . 97919] . . 00220 . 10051) . 02455) . 10582] . 04628) . 11124] . 06741) . 2 
59 . 97958) . . 00258) . 10059} . 02492) . 10591] . 04663) . 11134] . 06776) . 1 
60 . 97997)0. 09549]9. 00295/0. 10068}9. 02528)/0. 10599]9. 04699/0. 11143]9. 06810)0. 0 
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TABLE 34 


Haversines 


40° 41° 42° 43° 


Log Hav | Nat. Hav] Log Hav | Nat. Hav] Log Hav | Nat. Hav] Log Hav | Nat. Hav| Log Hav 


9. 068100. 11698]9. 08865/0. 12265)9. 10866)0. 12843]9. 12815/0. 13432]9. 14715)0. 
. 06845) . . 08899} . 12274) . 10899] . 12852) . 12847] . 13442) . 14746) . 
. 06880} . . 08933) . 4} . 10932) . 12862] . 12879) . 13452] . 14778) . 
. 06914 . . 08966) . 93] . 10965) . 12872) . 12911) . 13462) . 14809) . 
. 06949} . . 09000) . . 10997) . 12882) . 12943) . 18472) . 14840) . 


. 069840. . 09084/0. 1231219. 11030)0. 12891]9. 12975)0. 13482]9. 14871 
. 07018) . . 09068} . 12322] . 11063} . 12901] . 13007) . 13492} . 14902) . 
. 07053) . . 09101) . 12331] . 11096) . 12911] . 13039) . 18502] . 14934) . 
. 07088) . . 09135) . 12341) . 11129) . 12921] . 13071) . 18512] . 14965) . 
. 07122) . . 09169) . 12351) . 11161) . 12930] . 13103) . 13522] . 14996) . 


. 07157)0. . 09202/0. 12360)/9. 11194/0. 12940]9. 13135}0. 138532]9. 15027/0. 
SOOT. . 09236) . 12370) . 11227) . 12950] . 138167) . 13542] . 15058) . 
. 07226) . . 09269) . 12379] . 11260} . 12960] . 13199) . 13552] . 15089) . 
. 07260) . . 09303) . 12389] . 11292) . 12970] . 13231) . 18562] . 15120) . 
. 07295) . . 09337) . 12398) . 11325) . 12979} . 13263) . 13571] . 15152) . 


. 07329) 0. . 093700. 12408}9. 11358/0. 12989}9. 13295)0. 13581]9. 15183)0. 
. 07364 . . 09404) . 12418} . 11391) . 12999] . 13326) . 13591) . 15214) . 
. 07398) . . 09437) . 12427) . 11423] . 13009} . 138358) . 138601] . 15245) . 
. 07433) . . 09471) . 12437] . 11456) . 13018] . 138390) . 18611) . 15276) . 
. 07467) . . 09504) . 12446] . 11489! . 13028] . 138422) . 138621) . 15307] . 


. 07501)0. . 09538/0. 12456]9. 1152110. 18038)9. 18454/0. 13631)9. 15338)0. 
. 07536) . . 09571) . 12466) . 11554) . 13048) . 13486) . 13641) . 15369) . 
. 07570) . . 09605] . 12475) . 11586) . 18058) . 18517) . 13651) . 15400) . 
. 07605) . . 09638) . 12485] . 11619) . 13067] . 13549) . 13661) . 15431) . 
. 07639) . . 09672) . 12494) . 11652) . 138077) . 18581) . 13671] . 15462) . 


. 07673)0. . 09705/0. 12504]9. 11684/0. 13087]9. 13613)/0. 13681]9. 15493)0. 
. 07708) . . 09739) . 12514] . 11717) . 138097] . 13644) . 138691] . 15524) . 
. 07742) . . 09772) . 12523] . 11749) . 138107) . 18676; . 13701] . 15555) . 
. 07776) . . 09805} . 12533} . 11782) . 13116) . 138708) . 13711] . 15585) . 
. 07810) . . 09839) . 12543] . 11814) . 18126) . 13739) . 13721) . 15616) . 


. 07845) 0. . 09872)0. 12552)9. 11847)0. 13136]9. 138771/0. 138731]9. 15647)0. 
0 WN . 09905] . 12562} . 11879] . 138146) . 13803) . 138741) . 15678) . 
. 07913) . . 09939} . 12571] . 11912) . 138156] . 13834) . 13751) . 15709} . 
. 07947) . . 09972) . 12581] . 11944) . 13166) . 138866) . 13761) . 15740) . 
. 07981) . . 10005) . 12591] . 11977) . 13175] . 13898) . 138771) . 15771 


. 08016) 0. . 10039/0. 12600}9. 12009)0. 138185}]9. 13929)0. 13781)9. 15802)0. 
. 08050) . . 10072} . . 12041] . 138195) . 18961) . 13791] . 15832) . 
. 08084, . . 10105) . . 12074| . 138205) . 18992) . 138801) . 15863) . 
. 08118) . . 10138) . . 12106} . 138215] . 14024) . 13811] . 15894) . 
. 08152) . . 10172) . . 12139} . 138225) . 14056) . 138822] . 15925) . 


. 08186) 0. . 10205)0. 12649]9. 12171/0. 18235)9. 14087/0. 13832]9. 15955)0. 
. 08220) . . 10238) . 12658] . 12203] . 13244] . 14119) . 13842] . 15986) . 
. 08254) . . 10271) . 12668] . 12236) . 132541 . 14150) . 138852) . 16017] . 
. 08288) . . 10304) . 12678] . 12268) . 13264] . 14182) . 13862) . 16048) . 
. 08323) . . 10837] . 12687] . 12300) . 13274] . 14213) . 13872] . 16078) . 


. 08357) 0. . 103871/0. 12697]9. 12332)0. 13284}9. 14245/0. 13882)9. 16109)0. 
. 08391) . . 10404] . 12707] . 12365) . 13294) . 14276) . 13892) . 16140) . 
. 08425) . . 104387) . 12717] . 12397) . 138304] . 14307) . 18902] . 16170) . 
. 08459] . . 10470] . 12726] . 12429) . 13314] . 14339] . 13912) . 16201) . 
. 08492) . . 10503) . 12736] . 12461) . 13323] . 143870) . 13922] . 16232) . 


. 08526)0. . 10536/0. 12746}9. 12494/0. 13333]9. 14402/0. 13932)9. 16262)0. 
. 08560) . . 10569] . 12755) . 12526) . 13343] . 14433) . 13942) . 16293) . 
. 08594) . . 10602) . 12765] . 12558) . 18353] . 14465] . 138952) . 16324) . 
. 08628) . . 10635] . 12775] . 12590) . 13363] . 14496] . 13962) . 16354) . 
. 08662) . . 10668] . 12784] . 12622) . 13373] . 14527] . 13972) . 16385) . 


. 08696) 0. . 10701)0. 12794]9. 12655/0. 13383]9. 14559)0. 13983]9. 16415)0. 
. 08730} . . 10734] . 12804] . 12687] . 13393] . 14590} . 13993] . 16446) . 
. 08764] . . 10767} . 12814] . 12719) . 13403] . 14621) . 14003] . 16476 . 
. 08797] . . 10800] . 12823] . 12751] . 13412] . 14653) . 14013} . 16507] . 
. 08831) . 10833] . 12833] . 12783) . 13422) . 14684; . 14023] . 16537] . 
. 08865)0. 108660. 12843]9, 12815/0. 13432}9. 14715)0. 14033]9. 16568/0. 
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Haversines 


46° 


47° 


48° 


Log Hav 


Nat. Hav] Log Hav 


Nat. Hav} Log Hav 


Nat. Hav] Log Hav 


Nat. Hav} Log Hav 


ewWNWH © 


9. 16568 
. 16598 
. 16629 
. 16659 
. 16690 


0. 14645]9. 18376 
. 14655) . 18405 
. 14665} . 18435 
. 14676] . 18465 
. 14686] . 18495 


0. 15267)9. 
. 15278 
. 15288 
. 15298 
. 15309 


. 20169 
. 20198 
. 20227 
. 20256 


20140 


0. 1590019. 
. 15911 
. 15921 
. 15932 
. 15943 


21863 


. 21891 
. 21919 
. 21948 
. 21976 


0. 16543]9. 23545)0. 
. 16554] . 23573) . 
. 16565] . 23601) . 
. 16576} . 23629) . 
. 16587] . 23656) . 
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TABLE 34 


Haversines 


50° 54° 


f Log Hav | Nat. Hav] Log Hav | Nat. Hav] Log Hav Nat. Hav 

Q | 9. 25190/0. 17861]9. 26797\0. 1853419. 28368 60 
1 . 25217) . 17872} . 26823) . 18545] . 28394) . 19228] . 29931] . 19921] . 31434] . 20623] 59 
2 . 25244) . 17883] . 26850} . 18557] . 28420} . 19240} . 29956] . 19932] . 31459] . 20634] 58 
3 . 25271) . 17894] . 26876) . 18568] . 28446] . 19251] . 29981) . 19944] . 31484] . 20646} 57 
4 . 25298] . 17905} . 26903) . 18579] . 28472) . 19263] . 30007] . 19956] . 31508] . 20658] 56 
5 | 9. 25325)0. 17916]9. 26929]0. 18591]9. 28498]0. 1927419. 30032/0. 19967]9. 31533]0. 20670] 55 
6 . 25352] . 17928] . 26956] . 18602] . 28524) . 19286] . 30057] . 19979] . 31558] . 20681) 54 
7 . 25379] . 17939] . 26982) . 18613] . 28549] . 19297} . 30083] . 19991] . 31583) . 20693] 53 
8 . 25406] . 17950} . 27008) . 18624] . 28575) . 19309] . 30108] . 20002} . 31607] . 20705} 52 
9 __. 25433 . 17961} . 27035) . 18636] . 28601) . 19320] . 30133) . 20014] . 31632) . 20717] 51 
10 | 9. 25460)0. 17972]9. 27061/0. 18647]9. 286270. 19332]9. 30158/0. 20026]9. 31657/0. 20729] 50 
11 . 25487) . 17983] . 27088] . 18658] . 28653) . 19343} . 30184] . 20037] . 31682] . 20740] 49 
12 . 25514) . 17995] . 27114] . 18670} . 28679] . 19355] . 30209] . 20049] . 31706] . 20752} 48 
13 . 25541) . 18006] . 27140} . 18681] . 28704! . 19366] . 30234) . 20060] . 31731) . 20764] 47 
14 . 25568) . 18017] . 27167] . 18692] . 28730} . 19378] . 30259) . 20072] . 31756] . 20776] 46 
15 | 9. 25595/0. 18028]9. 27193]0. 18704]9. 28756]0. 19389]9. 30285]0. 20084]9. 31780/0. 20788] 45 
16 . 25622) . 18039] . 27219] . 18715] . 28782) . 19401} . 30310) . 20095] . 31805] . 20799} 44 
1% . 25649] . 18050] . 27246) . 18727] . 28807) . 19412) . 30335) . 20107] . 31830] . 20811] 43 
18 . 25676) . 18062] . 27272) . 18738] .-28833) . 19424] . 30360] . 20119] . 31854) . 20823] 42 
19 . 25703) . 18073] . 27298] . 18749] . 28859) . 19435] . 30385) . 20130) . 31879] . 20835] 41 
20 | 9. 25729|0. 1808419. 27325]0. 18761]9. 28885|0. 19447|9. 30410|0. 2014219. 31903/0. 20847} 40 
21] . 25756] . 18095] . 27351] . 18772] . 28910] . 19458] . 30436] . 20154] . 31928) . 20858] 39 
22 | . 25783] . 18106] . 27377| . 18783] . 28936| . 19470] . 30461) . 20165] . 31953) . 20870] 38 
23 . 25810} . 18118] . 27403] . 18795] . 28962) . 19481] . 30486] . 20177] . 31977] . 20882] 37 
24 . 25837| . 18129] . 27430] . 18806] . 28987] . 19493] . 30511} . 20189] . 32002] . 20894] 36 
25 | 9. 25864\0. 18140]9. 27456|0. 18817]9. 29013/0. 1950419. 30536/0. 20200]9. 32026|0. 20906] 35 
26 . 25891} . 18151] . 27482) . 18829] . 29039) . 19516] . 30561} . 20212] . 32051) . 20918) 34 
Pat . 25917] . 18162] . 27508] . 18840] . 29064) . 19527] . 30586) . 20224) . 32076) . 20929} 33 
28 . 25944] . 18174] . 27535) . 18852] . 29090} . 19539] . 30611] . 20235} . 32100} . 20941} 32 
29 . 25971) . 18185] . 27561) . 18863] . 29116) . 19550} . 30636) . 20247] . 32125) . 20953] 31 
30 | 9. 25998)0. 18196]9. 27587|0. 18874]9. 29141]0. 19562]9. 30662)/0. 20259]9. 32149/0. 20965] 30 
31 . 26025] . 18207] . 27613] . 18886] . 29167) . 19573] . 30687) . 20271] . 32174) . 20977] 29 
32 . 26051} . 18219) . 27639] . 18897] . 29192) . 19585) . 30712} . 20282] . 32198) . 20989] 28 
33 . 26078] . 18230] . 27666] . 18908] . 29218) . 19597] . 30737] . 20294] . 32223) . 21000] 27 
34 . 26105) . 18241] . 27692} . 18920] . 29244) . 19608] . 30762) . 20306 . 32247 . 21012} 26 
35 | 9. 26132|0. 1825219. 27718|0. 1893119. 29269|0. 19620]9. 30787|0. 20317|9. 32272/0. 21024] 25 
36 | . 26158] . 18263] . 27744] . 18943] . 29295] . 19631] . 30812) . 20329] . 32296] . 21036] 24 
Od . 26185] . 18275} . 27770] . 18954] . 29320) . 19643] . 30837} . 20341] . 32321) . 21048] 23 
38 . 26212] . 18286] . 27796) . 18965] . 29346] . 19654] . 30862) . 20352] . 32345) . 21060) 22 
39 . 26238] . 18297] . 27822) . 18977] . 29371) . 19666] . 30887) . 20364] . 32370) . 21072] 21 
40 | 9. 26265|0. 18308]9. 27848]/0. 18988|9. 29397|0. 19677|9. 30912|0. 20376}9. 32394/0. 21083] 20 
41 . 26292] . 18320] . 27875] . 19000] . 29422} . 19689] . 30937] . 20388] . 32418] . 21095} 19 
42 . 26319] . 18331} . 27901] . 19011] . 29448] . 19701] . 30962) . 20399] . 32443] . 21107] 18 
43 . 26345] . 18342] . 27927) . 19022) . 29473] . 19712] . 30987] . 20411] . 32467) . 21119] 17 
44 . 26372] . 18353] . 27953] . 19034] . 29499] . 19724] . 31012) . 20423] . 32492) . 21131] 16 
45 | 9. 26398/0. 18365]9. 2797910. 19045]9. 29524/0. 19735]9. 31036/0. 20435]9. 32516)0. 21143} 15 
46 . 26425| . 18376] . 28005] . 19057] . 29550} . 19747] . 31061) . 20446) . 32541) . 21155) 14 
47 . 26452| . 18387] . 28031] . 19068] . 29575] . 19758] . 31086] . 20458] . 32565) . 21167) 13 
48 . 26478] . 18399] . 28057] . 19080} . 29601} . 19770} . 31111) . 20470] . 32589] . 21178} 12 
49 . 26505] . 18410] . 28083] . 19091] . 29626] . 19782] . 31136] . 20481] . 32614) . 21190] 11 
50 | 9. 265320. 18421|9. 28109|0. 19102|9. 29652|0. 19793]9. 31161/0. 20493]9. 32638)/0. 21202] 10 
51 . 26558] . 18432] . 28135] . 19114] . 29677] . 19805} . 31186] . 20505] . 32662) . 21214] 9 
52 . 26585] . 18444] . 28161] . 19125] . 29703] . 19816] . 31211] . 20517) . 32687) . 21226] 8 
53 . 26611] . 18455] . 28187) . 19137] . 29728] . 19828] . 31236] . 20528] . 32711) . 21238 ct 
54 . 26638] . 18466] . 28213] . 19148] . 29753) . 19840] . 31260} . 20540) . 32735 . 21250 6 
55 | 9. 2666410. 18477]9. 28239]0. 19160]9. 29779]0. 19851]9. 31285/0. 20552]9. 32760)0. 21262) 5 
56 . 26691) . 18489] . 28265] . 19171] . 29804] . 19863] . 31310} . 20564] . 32784] . 21274) 4 
57 . 26717) . 18500] . 28291] . 19183] . 29829] . 19874] . 31335] . 20575] . 32808; . 21285) 3 
58 . 26744| . 18511] . 28317) . 19194] . 29855] . 19886] . 31360) . 20587] . 32833) . 21297] 2 
59 . 26770] . 18523) . 28342! . 19205] . 29880] . 19898] . 31385] . 20599] . 32857] . 21309] 1 
60 . 267970. 28368]0. 19217]9. 29906/0. 19909}9. 31409]0. 20611}9. 32881 0 


309° 307° 306° 305° 


308° 
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TABLE 34 


Haversines 


55° 56° 57° 58° 59° 


Log Hav | Nat. Hav | Log Hav | Nat. Hav] Log Hav | Nat. Hav] Log Hav | Nat. Hav] Log Hav | Nat. Hav 


9. 328810. 21321]9. 34322/0. 22040)9. 35733 0. 22768/9. 37114/0. 23504]9. 38468 0. 24248 
. 82905] . 21333] . 34346) . 22052] . 35756) . 22780] . 37137) . 23516] . 38490) . 24261 
. 8329380) . 21345] . 34369] . 22064] . 35779) . 22792) . 37160) . 23529) . 38512) . 24273 
. 82954) . 21357] . 34393) . 22077] . 35802) . 22805) . 37183) . 23541] . 38535) . 24286 
. 32978] . 21369] . 34417| . 22089] . 35826) . 22817] . 37205) . 23553) . 38557) . 24298 


. 33002 /0. 213819. 34441)0. 22101]9. 35849\0. 22829}9. 372280. 23566]9. 38579)0. 24310 
. 833027| . 21393] . 34464) . 22113] . 35872) . 22841] . 37251) . 23578] . 38602) . 24323 
. 833051) . 21405] . 34488) . 22125] . 35895) . 22853] . 37274) . 23590} . 38624) . 24335 
. 83075) . 21417] . 34512) . 22137] . 35918] . 22866] . 37296) . 23603} . 38646) . 24348 
. 33099) . 21429] . 34535] . 22149] . 35942) . 22878) . 37319) . 23615] . 38668) . 24360 


. 33123)0. 21440]9. 34559)0. 22161)9. 35965)0. 228909. 37342)/0. 23627]9. 38691|0. 24373 
. 33148) . 21452) . 34583) . 22173) . 35988] . 22902) . 37364) . 23640] . 38713) . 24385 
. 33172| . 21464] . 34606] . 22185] . 36011} . 22915) . 37387) . 23652} . 38735) . 24398 
. 33196] . 21476] . 34630] . 22197] . 36034) . 22927) . 37410) . 23665) . 38757) . 24410 
. 33220} . 21488] . 34654) . 22209] . 36058) . 22939] . 37433) . 23677] . 38780) . 24423 


. 833244/0. 21500]9. 34677/0. 22221]9. 36081/0. 22951]9. 37455)0. 23689]9. 38802\0. 24435 
. 838268] . 21512] . 34701) . 22234] . 36104| . 22964] . 37478) . 23702) . 38824) . 24448 
. 33292) . 21524] . 34725) . 22246) . 36127) . 22976] . 37501) . 23714] . 38846) . 24460 
. 33317) . 21536) . 34748) . 22258] . 36150} . 22988) . 37523) . 23726] . 38868) . 24473 
. 33341) . 21548] . 34772) . 22270) . 36173) . 23000) . 37546) . 23739] . 38891) . 24485 


. 33365 0. 21560]9. 34795/0. 22282/9. 36196)/0. 23012)9. 37569\0. 23751]9. 38913)0. 24498 
. 838389) . 21572] . 34819] . 22294) . 36219) . 23025) . 37591) . 23764] . 38935) . 24510 
. 38413) . 21584] . 34843) . 22306) . 36243) . 23037] . 37614) . 23776) . 38957) . 24523 
. 38437] . 21596] . 34866] . 22318] . 36266) . 23049] . 37636) . 23788] . 38979) . 24535 
. 38461] . 21608} . 34890! . 22330] . 36289) . 23061] . 37659) . 23801) . 39002) . 24548 


. 334850. 216209. 34913|0. 22343/9. 36312/0. 2307419. 37682|0. 23813)9. 39024/0. 24560 
. 33509) . 21632) . 34937| . 22355] . 36335) . 23086] . 37704) . 23825] . 39046) . 24573 
. 33533| . 21644] . 34960] . 22367) . 36358) . 23098] . 37727) . 23838] . 39068) . 24585 
. 38557| . 21656] . 34984) . 22379) . 36381) . 23110} . 37749] . 23850] . 39090} . 24598 
. 33581] . 21668] . 35007] . 22391) . 36404| . 23123) . 37772) . 23863) . 39112) . 24611 


. 33605/0. 21680]9. 35031/0. 22403}9. 36427|0. 231359. 37794|0. 23875)9. 39134)0. 24623 
. 33629] . 21692] . 35054) . 22415) . 36450) . 23147] . 37817) . 23887] . 39156) . 24636 
. 38653] . 21704] . 35078) . 22427) . 36473) . 23160] . 37840) . 23900] . 39178) . 24648 
. 38677] . 21716] . 35101} . 22440) . 36496). . 23172] . 37862) . 23912] . 39201) . 24661 
. 338701] . 21728] . 35125) . 22452) . 36519) . 23184] . 37885) . 23925] . 39223) . 24673 


. 83725)0. 21740]9. 35148)/0. 2246419. 36542)0. 23196}9. 37907|0. 23937]9. 39245/0. 24686 
. 8338749) . 21752) . 35172| . 22476) . 36565) . 23209} . 37930) . 23950} . 39267) . 24698 
. 33773] . 21764] . 35195] . 22488) . 36588) . 23221] . 37952) . 23962) . 39289) . 24711 
. 33797| . 21776] . 35219] . 22500} . 36611) . 23233] . 37975] . 23974) . 39311) . 24723 
. 33821) . 21788] . 35242) . 22512) . 36634) . 23246] . 37997) . 23987] . 39333) . 24736 


. 33845 0. 21800]9. 35266|0. 22525]9. 36657/0. 23258]9. 38020)0. 23999]9. 39355/0. 24749 
. 83869] . 21812] . 35289) . 22537] . 36680] . 23270) . 38042) . 24012) . 39377) . 24761 
. 88893] . 21824] . 353812) . 22549] . 36703) . 23282] . 38065) . 24024) . 39399) . 24774 
. 38917] . 21836] . 35336] . 22561] . 36726) . 23295] . 38087] . 24036) . 39421) . 24786 
. 83941) . 21848) . 35359) . 22573] . 36749) . 23307] . 38110) . 24049} . 39443) . 24799 


. 33965/0. 21860]9. 35383)0. 22585]9. 36772|0. 23319]9. 38132/0. 24061]9. 39465)0. 24811 
. 33988) . 21872] . 35406) . 22598] . 36794] . 23332] . 38154] . 24074] . 39487| . 24824 
. 34012) . 21884] . 35429) . 22610] . 36817) . 23344) . 38177| . 24086) . 39509) . 24836 
. 84036] . 21896] . 35453) . 22622] . 36840] . 23356) . 38199] . 24099] . 39531) . 24849 
. 34060) . 21908] . 35476) . 22634] . 36863) . 23368) . 38222) . 24111] . 39553) . 24862 


. 834084'0. 21920}9. 35500/0. 22646]9. 36886)0. 23381]9. 38244)0. 24124)9. 39575)0. 24874 
. 84108) . 21932] . 35523| . 22658] . 36909) . 23393] . 38267) . 24136] . 39597| . 24887 
. 84132) . 21944] . 35546) . 22671) . 36932) . 23405} . 38289) . 24148] . 39619] . 24899 
. 84155} . 21956] . 35570) . 22683] . 36955) . 23418) . 38311) . 24161) . 39641| . 24912 
. 34179) . 21968] . 35593) . 22695] . 36977) . 23430] . 38334! . 24173] . 39663) . 24924 


. 34203 0. 21980]9. 35616 0. 2270719. 37000 0. 2344219. 38356 0. 24186]9. 39685 0. 24937 
. 84227) . 21992] . 35639] . 22719] . 37023) . 23455] . 38378) . 24198] . 39706) . 24950 
. 34251) . 22004] . 35663) . 22731] . 37046] . 23467] . 38401) . 24211] . 39728) . 24962 
. 34274) . 22016] . 35686) . 22744] . 37069) . 23479] . 38423) . 24223] . 39750) . 24975 
. 34298) . 22028] . 35709) . 22756] . 37091) . 23492] . 38445) . 24236] . 39772) . 24987 
. 84322 0. 22040]9. 35733 0. 22768]9. 37114/0. 23504]9. 38468 0. 24248/9. 397940. 25000 


ee Re) 


O CONTI MH Ot 


OrNWROot 


304° 303° 302° 301° 300° 


. 44862) . 
. 44882) . 
. 44903] . 
. 44923 
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. 44943 
. 44963 
. 44983) . 

45003] . 
. 45024) . 


TABLE 34 
Haversines 
60° 
Log Hav | Nat. Hav] Log Hav | Nat. Hav} Log Hav 

0 | 9. 39794/0. 25000]9. 41094/0. 257609. 42368)0. 

1 . 39816) . 41115) . 

2 . 39838] . scien is tle 

3 . 39860) . SL PS lite 

4 . 39881 . 41180) . 

5 . 39903)0. . 41201)0. 

6 . 89925) . . 41222) . 

7 . 89947] . . 41244) . 

8 . 39969] . . 41265) . 

9 . 39991 . 41287) . 

10 . 40012)0. 2! . 41308)0. : 5 
11 . 40034) . . 41329) . . 43843) . 
12 . 40056] . . 41351) . . 43864) . 
13 . 40078) . . 41372) . . 43884) . 
14 . 40100} . . 41393) . . 43905} . 
15 . 40121 . 41415)0. . 43926)0. 
16 . 40143 . 41436] . . 43946} . 
17 . 40165 . 41457) . . 43967) . 
18 . 40187 . 41479) . . 43987) . 
19 . 40208 . 41500) . . 44008] . 
20 . 40230/0. . 41521)0. i { . 44028)0. 
21 . 40252) . . 41543) . . 42808) . . 44048) . 
22 . 40274) . . 41564) . . 42829) . . 44069] . 
23 . 40295) . . 41585} . . 42850) . . 44089) . 
24 . 40317 . 41606) . . 42870) . . 44110] . 
25 . 40339/0. . 41628)0. . 42891)0. . 44130)0. 
26 . 40360] . . 41649) . . 42912) . . 44151 
27 . 40382) . . 41670) . . 42933) . . 44171) . 
28 . 40404] . . 41692) . . 42954) . . 44192) . 
29 . 40425 . 41713 . 42975) . . 44212) . 
30 . 404470. 9. 41734)0. 9. 42996/0. . 4423210. 
ol . 40469] . Par: 9 W759) . 43016) . . 44253) . 
32 . 40490} . . 41776] . . 43037) . . 44273] . 
33 . 40512) ; . 41798) . . 43058) . . 44294) . 
34 . 40534) . . 41819) . . 43079] . . 44314) . 
35 . 40555 . 41840)0. 26 9. 43100)0. 9. 44334)0. d 
36 AOD Glee , 41861] . . 43120) . . 44355) . 
37 . 40599) . . 41882) . . 43141) . . 44375) . 
38 . 40620} . . 41904) . , 43162)". . 44396) . 
39 . 40642) . . 41925) . . 43183) . . 44416] . 
40 . 406630. 9. 41946)0. 9. 43203)0. . 44436)0. 
41 . 40685} . . 41967] . . 43224) . . 44457) . 
42 . 40707] . . 41988) . . 43245) . . 44477) . 
43 - 40728] . . 42009] . . 43266) . . 44497) . 
44 . 40750] . . 42031 . 43286) . . 44518) . 
45 9. 42052)0. 9. 43307/0. 9. 44538)0. 
46 . 42073) . . 43328) . . 44558) . 
47 . 42094) . . 43348) . . 44579) . 
48 NAZI . 43369] . . 44599) . 
49 . 42136) . . 43390) . . 44619) . 
50 . 42157)0. . 43411 9. 44639)0. 
51 . 42178) . . 43431) . . 44660) . 
52 . 42199) . . 43452) . . 44680] . 
53 42221). . 43473] . . 44700] . 
54 . 42242) . . 43493) . . 44721 
55 . 42263)0. . 43514)0. . 44741 
56 . 42284) . 4G DOO . 44761 
57 . 42305) . . 43555) . . 44781 
58 £42326\) : . 43576] . . 44801) . 
59 . 42347) . . 43596] . . 44822) . 
60 . 42368)0. 265269. 43617|0. 27300}9. 44842 


298° 


297° 


296° 


. 45044/0. 
. 45064] . 
. 45084) . 
. 45104] . 
. 45124) . 


. 45144)0. 

. 45165) . 
. 45185) . 
. 45205) . 
. 45225) . 


. 45245)0. 
. 45265] . 
. 45285) . 
. 45305) . 
. 45325) . 


9. 45345)0. 
. 45365) . 
. 45385) . 
. 45405) . 
. 45426) . 


. 454460. 
. 45466] . 
. 45486) . 
. 45506) . 
. 45526) . 


- 45546)0. 
. 45566] . 
. 45586] . 
. 45606] . 
. 45625) . 


9. 45645)0. 
. 45665) . 
. 45685] . 
. 45705) . 
. 45725). 


. 45765} . 
. 45785] . 
. 45805) . 
. 45825) . 


9. 45845/0. 
. 45865) . 
. 45884) . 
. 45904) . 
. 45924) . 


. 45944)0. 
. 45964] . 
. 45984) . 
. 46004) . 
. 46023) . 
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TABLE 34 
Haversines 
65° 66° 67° 68° 69° 

Log Hav | Nat. Hav} Log Hav | Nat. Hav] Log Hav | Nat. Hav}| Log Hav | Nat. Hav} Log Hav | Nat. Hav is 
0 | 9. 46043)/0. 28869]9. 47222)0. 29663]9. 48378)0. 30463]9. 49512)0. 31270)9. 50626)0. 32082] 60 
1 . 46063] . 28882] . 47241) . 29676] . 48397] . 30477] . 49531) . 31283} . 50644) . 32095] 59 
2 . 46083) . 28895] . 47261] . 29690} . 48416} . 30490] . 49550) . 31297] . 50662] . 32109) 58 
3 . 46103] . 28909] . 47280] . 29703] . 48435] . 30504] . 49568) . 31310] . 50681) . 32122) 57 
4 . 46123) . 28922] . 47300] . 29716] . 48454) . 30517) . 49587) . 313824] . 50699] . 32136] 56 
5 | 9. 46142/0. 28935]9. 4731910. 29730]9. 48473)0. 30530]9. 49606\0. 31337]9. 50717/0. 32150] 55 
6 . 46162] . 28948] . 47338) . 29743] . 48492) . 30544] . 49625] . 31351] . 50736) . 32163] 54 
7 . 46182] . 28961] . 47358! . 29756] . 48511) . 30557] . 49648] . 31364] . 50754) . 32177) 53 
8 . 46202) . 28975] . 47377] . 29770] . 48530) . 30571] . 49662] . 31378] . 50772] . 32190} 52 
9 . 46222) . 28988] . 47397) . 29783] . 48549] . 30584] . 49681) . 31391] . 50791) . 32204) 51 
10 | 9. 462410. 29001}9. 474160. 29796]9. 48568/0. 30597|9. 49699)0. 31405]9. 50809)0. 32217) 50 
hl . 46261) . 29014] . 47435] . 29809] . 48587) . 30611] . 49718) . 31418] . 50827) . 32231) 49 
12 . 46281| . 29027] . 47455) . 29823] . 48607) . 30624] . 49737) . 31432] . 50846) . 32245] 48 
13 . 46301} . 29041] . 47474] . 29836] . 48626) . 30638] . 49755) . 31445) . 50864) . 32258) 47 
14 . 46320} . 29054] . 47493] . 29849] . 48645) . 30651] . 49774) . 31459] . 50882) . 32272] 46 
15 | 9. 46340,0. 29067]9. 47513)0. 298639. 48664/0. 30664/9. 49793)0. 3147219. 50901/0. 32285) 45 
16 . 46360) . 29080] . 47532) . 29876] . 48683) . 30678] . 49811] . 31486] . 50919} . 32299) 44 
ill? . 46380) . 29093] . 47552) . 29889] . 48702) . 30691] . 49830) . 31499] . 50937) . 32313] 43 
18 . 46399] . 29107] . 47571) . 29903] . 48720) . 30705] . 49849] . 31513] . 50956] . 32326] 42 
19 . 46419] . 29120] . 47590) . 29916] . 48739) . 30718] . 49867] . 31526] . 50974] . 32340] 41 
20 | 9. 46439/0. 29133]9. 47610/0. 29929]9. 48758/0. 30732]9. 49886)0. 31540]9. 50992/0. 32353] 40 
21 . 46458) . 29146] . 47629] . 29943] . 48777| . 30745] . 49904) . 31553] . 51010) . 32367) 39 
22 . 46478) . 29160] . 47648) . 29956] . 48796) . 30758] . 49923) . 31567] . 51029) . 32381) 38 
23 . 46498] . 29173] . 47668] . 29969] . 48815] . 30772] . 49942) . 31580] . 51047) . 32394] 37 
24 . 46517| . 29186] . 47687] . 29983] . 48834] . 30785] . 49960] . 31594] . 51065] . 32408] 36 
25 | 9. 46537)|0. 2919919. 47706|0. 29996]9. 48853/0. 30799]9. 4997910. 31607]9. 51083)/0. 32422] 35 
26 . 46557) . 29212] . 47725) . 30009] . 48872) . 30812] . 49997) . 31621) . 51102) . 32435) 34 
27 . 46576) . 29226] . 47745] . 30023] . 48891] . 30826] . 50016) . 31634] . 51120) . 32449) 33 
28 . 46596] . 29239] . 47764] . 30036] . 48910] . 30839] . 50034| . 31648] . 51138] . 32462] 32 
29 . 46616] . 29252] . 47783) . 30049] . 48929] . 30852] . 50053] . 31661] . 51156} . 32476] 31 
30 | 9. 46635/0. 29265]9. 47803/0. 30063]9. 48948)/0. 30866]9. 50072/0. 31675]9. 51174)/0. 32490) 30 
31 . 46655] . 29279] . 47822) . 30076] . 48967) . 30879] . 50090} . 31688] . 51193) . 32503] 29 
32 . 46675] . 29292] . 47841) . 30089] . 48986] . 30893] . 50109] . 31702) . 51211) . 32517] 28 
33 . 46694] . 29305] . 47860) . 30103] . 49004) . 30906} . 50127] . 31716} . 51229) . 32531] 27 
34 . 46714] . 29318] . 47880] . 30116] . 49023} . 30920) . 50146) . 31729] . 51247) . 32544] 26 
35 | 9. 46733)0. 29332]9. 47899]0. 30129]9. 49042/0. 30933]9. 50164/0. 31743]9. 51265)0. 32558) 25 
36 . 46753] . 29345] . 47918] . 30143] . 49061] . 30946] . 50183) . 31756] . 51284) . 32571] 24 
3d . 46773) . 29358] . 47937] . 30156] . 49080} . 30960] . 50201} . 31770) . 51302) . 32585] 23 
38 . 46792) . 29371] . 47957) . 30169) . 49099] . 30973] . 50220} . 31783] . 51320} . 32599] 22 
39 . 46812] . 29385] . 47976] . 30183] . 49118] . 30987] . 50238) . 31797] . 51338] . 32612) 21 
40 | 9. 46831)0. 29398]9. 47995]0. 30196]9. 49137)0. 31000}9. 50257/0. 31810}9. 51356|0. 32626] 20 
41 . 46851] . 29411] . 48014] . 30209] . 49155] . 31014] . 50275) . 31824] . 51374) . 32640) 19 
42 . 46871] . 29424] . 48033) . 30223] . 49174] . 31027] . 50294] . 31837] . 51393) . 32653] 18 
43 . 46890] . 29438] . 48053) . 30236] . 49193] . 31041} . 50312) . 31851] . 51411) . 32667| 17 
44 . 46910} . 29451} . 48072} . 30249] . 49212) . 31054] . 50331) . 31865) . 51429) . 32681) 16 
45 | 9. 46929)0. 29464]9, 48091/0. 30263]9. 49231|0. 31068}9. 50349/0. 31878]9. 51447|0. 32694] 15 
46 . 46949] . 29477] . 48110) . 30276] . 49250} . 31081] . 50368) . 31892) . 51465} . 32708) 14 
47 . 46968) . 29491) . 48129) . 30290] . 49268] . 31094} . 50386] . 31905] . 51483] . 32721) 13 
48 . 46988] . 29504] . 48148) . 30303] . 49287] . 31108] . 50405} . 31919] . 51501) . 32735] 12 
49 . 47007| . 29517] . 48168) . 30316] . 49306] . 31121] . 50423] . 31932] . 51519) . 32749) 11 
50 | 9. 47027)|0. 29530}9. 48187|0. 30330}9. 49325|0. 31135}9. 50442/0. 31946]9. 51538)0. 32762) 10 
51 . 47046] . 29544] . 48206) . 303438] . 49344) . 31148] . 50460) . 31959] . 51556] . 32776] 9 
52 . 47066| . 29557] . 48225) . 30356] . 49362) . 31162] . 50478] . 31973] . 51574) . 32790) 8 
53 . 47085] . 29570) . 48244] . 30370] . 49381] . 31175] . 50497] . 31987] . 51592) . 32803] 7 
54 . 47105) . 29583] . 48263) . 30383} . 49400} . 31189] . 50515) . 32000] . 61610) . 32817) 6 
55 | 9. 47124|0. 2959719. 48282/0. 3039719. 49419/0. 312029. 50534/0. 32014]9. 51628/0. 32831] 5 
56 . 47144) . 29610] . 48302) . 30410} . 49437) . 31216] . 50552) . 32027] . 51646) . 32844) 4 
Ge . 47163) . 29623] . 48321] . 30423] . 49456] . 31229] . 50570) . 32041] . 51664) . 32858) 3 
58 . 47183] . 29637] . 48340) . 30487] . 49475] . 31243] . 50589] . 32054] . 51682) . 32872) 2 
59 . 47202) . 29650] . 48359) . 30450] . 49494) . 31256] . 50607) . 32068] . 51700| . 32885) 1 
60 | 9. 47222/0. 29663]9. 48378)0. 30463]9. 49512/0. 31270]9. 50626)\0. 32082]9. 51718/0. 32899) 0 

294° 293- 292° 291° 290° 


~ 


70° 


71° 
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Haversines 


72° 


73° 


74° 


Log Hav 


Nat. Hav 


Log Hav 


Nat. Hav | Log Hav 


Nat. Hav] Log Hav 


Nat. Hav] Log Hav 


Nat. Hav 


311 


9. 51718 
. 51736 
. 51754 
. 51772 
. 51790 


0. 


. 32926 
. 32940 
. 32954 


32899]9. 
32913 


52791 


. 52809 
. 52826 
. 52844 
. 52862 


0. 3372219. 53844 
. 33735] . 53861 
. 33749] . 53879 
. 33763] . 53896 
. 33777] . 53913 


0. 34549)9. 54878 
. 84563] . 54895 
. 84577] . 54912 
. 34591] . 54929 
. 34604] . 54946 


0. 35381]9. 55893 
. 35395] . 55909 
. 35409] . 55926 
. 35423] . 55943 
. 35437] . 55960 


0. 36218 
. 86232 
. 36246 
. 36260 
. 36274 


COMMU PWNRHO 


. 51808 
. 51826 
. 61844 
. 51862 
. 51880 


. 32967]9. 
. 32981 
. 32995 
. 33008 
. 33022 


52879 


. 52897 
. 62915 
. 92932 
. 52950 


. 33790}9. 53931 
. 338804] . 53948 
. 33818} . 53966 
. 83832] . 53983 
. 33845] . 54000 


. 34618]9. 54963 
. 84632] . 54980 
. 34646] . 54997 
. 84660] . 55014 
. 34674] . 55031 


. 3545119. 55976 
. 35465] . 55993 
. 35479] . 56010 
. 35493] . 56027 
. 85507] . 56043 


. 86288 
. 36302 
. 86316 
. 86330 
. 36344 


. 51898 
. 51916 
. 61934 
. 61952 
. 51970 


. 33036)9. 
. 338049 
. 38063 
. 33077 
. 33090 


52968 


. 52985 
. 53003 
. 538021 
. 53038 


. 33859]9, 54017 
. 33873] . 54035 
. 33887] . 54052 
. 33900] . 54069 
. 338914] . 54087 


. 34688]9. 55048 
. 84701] . 55065 
. 84715] . 55082 
. 834729] . 55099 
. 847438] . 55116 


. 3552149. 56060 
. 35534] . 56077 
. 35548] . 56093 
. 85562] . 56110 
. 85576] . 56127 


. 86358 
. 86372 
. 36386 
. 36400 
. 36414 


. 51988 
. 52006 
. 62024 
. 52042 
. 52060 


. 3310419. 
. 33118 
. 33132 
. 33145 
. 83159 


53056 


. 53073 
. 53091 
. 538109 
. 53126 


. 33928)9. 54104 
. 33942] . 54121 
. 33956] . 54139 
. 83969] . 54156 
. 83983] . 54173 


. 3475719. 55133 
. 34771] . 55150 
. 34784] . 55167 
. 34798] . 55184 
. 34812) . 55201 


. 835590)9. 56144 
. 35604| . 56160 
. 35618] . 56177 
. 35632] . 56194 
. 85646] . 56210 


. 36428 
. 36442 
. 86456 
. 36470 
. 36484 


. 52078 
. 52096 
. 62114 
. §2132 
. 52150 


. 33173]9. 
. 33186 
. 33200 
. 33214 
. 83227 


53144 


. 53162 
. 53179 
. 63197 
. 63214 


. 338997]9. 54190 
. 34011] . 54208 
. 34024] . 54225 
. 34038} . 54242 
. 84052] . 54260 


. 34826)9. 55218 
. 34840] . 55235 
. 34854] . 55252 
. 84868] . 55269 
. 34882] . 55286 


. 30660]9. 56227 
. 35674] . 56244 
. 35688] . 56260 
. 35702] . 56277 
. 35716] . 56294 


. 36498 
. 36512 
. 36526 
. 36540 
. 36554 


. 52168 
. 62185 
. 52203 
. §2221 
. 52239 


. 3324149. 
. 338255 
. 338269 
. 338282 
. 33296 


53232 


. 53249 
. 53267 
. 53285 
. 53302 


. 34066]9. 54277 
. 34080] . 54294 
. 34093] . 54311 
. 34107] . 54329 
. 84121] . 54346 


. 34895]9. 55303 
. 34909] . 55320 
. 84923] . 55337 
. 34937] . 55354 
. 84951] . 55370 


. 35730]9. 56310 
. 85743] . 56327 
. 85757] . 56343 
. 85771] . 56360 
. 35785] . 56377 


. 36568 
. 86582 
. 36596 
. 36610 
. 86624 


. 52257 
. 62275 
. 62293 
. 62311 
. 52328 


. 33310]9. 
. 83323 
. 33337 
. 33351 
. 33365 


53320 


. 63337 
. 63355 
. 63372 
. 53390 


. 34135]9. 54363 
. 34149] . 54380 
. 84162] . 54397 
. 34176) . 54415 
. 34190) . 54432 


. 34965]9. 55387 
. 84979] . 55404 
. 84992) . 55421 
. 85006] . 55438 
. 35020] . 55455 


. 3579919. 56393 
. 85813] . 56410 
. 85827] . 56426 
. 85841] . 56443 
. 35855] . 56460 


. 36638 
. 86652 
. 36666 
. 86680 
. 36694 


. 52346 
. 52364 
. 52382 
. 52400 
. 52418 


. 33378)9. 
. 33392 
. 33406 
. 83419 
. 33433 


53407 


. 53425 
. 53442 
. 53460 
. 53477 


. 3420419. 54449 
. 34218] . 54466 
. 34231] . 54483 
. 84245] . 54501 
. 34259) . 54518 


. 85034]9. 55472 
. 35048} . 55489 
. 35062] . 55506 
. 35076] . 55523 
. 35090} . 55539 


. 3586919. 56476 
. 35883] . 56493 
. 85897] . 56509 
. 85911] . 56526 
. 35925] . 56543 


. 36708 
. 36722 
. 86736 
. 36750 
. 36764 


. 52436 
. 52453 
. 52471 
. 52489 
. 52507 


. 3344719. 
. 338461 
. 38474 
. 33488 
. 38502 


53495 


. 53512 
. 53530 
. 53547 
. 53565 


. 34273)9. 54535 
. 34287] . 54552 
. 34300] . 54569 
. 84314) . 54587 
. 84328] . 54604 


. 85103]9. 55556 
. 85117] . 55573 
. 35131] . 55590 
. 35145] . 55607 
. 85159] . 55624 


. 35939)9. 56559 
. 85953] . 56576 
. 35967] . 56592 
. 835981] . 56609 
. 35995} . 56625 


. 36778 
. 36792 
. 36806 
. 36820 
. 36834 


. 52525 
. 62542 
. 52560 
. 52578 
. 52596 


. 33015)/9. 
. 338529 
. 38543 
. 33557 
. 33570 


53582 


. 53600 
. 53617 
. 53635 
. 53652 


. 34342]9. 54621 
. 34356] . 54638 
. 84369] . 54655 
. 34383] . 54672 
. 34397] . 54689 


. 35173]9. 55641 
. 35187] . 55657 
. 35201} . 55674 
. 35215] . 55691 
. 35228) . 55708 


. 36009]9. 56642 
. 36023] . 56658 
. 36036] . 56675 
. 36050] . 56692 
. 36064] . 56708 


. 36848 
. 36862 
. 36877 
. 36891 
. 36905 


. 62613 
. 52631 
. 52649 
. 52667 
. 52684 


. 335849. 
. 338598 
. 33612 
. 338625 
. 33639 


53670 


. 53687 
. 53704 
. 53722 
. 53739 


. 8441119. 54707 
. 34425) . 54724 
. 84439] . 54741 
. 34452] . 54758 
. 34466] . 54775 


. 3624219. 55725 
. 35256] . 55742 
. 35270] . 55758 
. 35284] . 55775 
. 35298] . 55792 


. 36078}9. 56725 
. 36092} . 56741 
. 36106] . 56758 
. 36120] . 56774 
. 86134] . 56791 


. 36919 
. 36933 
. 36947 
. 36961 
. 36975 


. 52702 
. 52720 
. 52738 
. 52755 
. 62773 
. 52791 


. 33653)9. 
. 83667 
. 33680 
. 33694 
. 33708 
0 


337229. 


53757 


. 538774 
. 53792 
. 53809 
. 53826 


53844 


. 3448019. 54792 
. 34494] . 54809 
. 34508] . 54826 
. 34521) . 54843 
. 34535] . 54860 
0. 34549}9. 54878 


. 35312}9. 55809 
. 35326] . 55826 
. 35340] . 55842 
. 35354] . 55859 
. 35368] . 55876 
0. 35381]9. 55893 


. 36148]9. 56807 
. 86162] . 56824 
. 36176] . 56840 
. 36190] . 56856 
. 36204] . 56873 
0. 36218]9. 56889 


. 36989 
. 87003 
. 37017 
. 37031 
. 37045 
0. 37059 


COPNnNwren|m~100 


289° 


288° 


287° 


286° 


285° 
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TABLE 34 
Haversines 
75° 76° Ue: 78° G3? 
i Log Hav | Nat. Hav| Log Hav | Nat. Hav} Log Hav | Nat. Hav} Log Hav | Nat. Hav} Log Hav | Nat. Hav] ’ 
0 | 9. 56889/0. 37059]9. 57868)0. 3790419. 58830/0. 3875219. 59774/0. 39604]9. 60702/0. 40460) 60 
il . 56906] . 37073] . 57885) . 37918] . 58846] . 38767] . 59790) . 39619} . 60717) . 40474) 59 
2 . 56922) . 37087] . 57901) . 37932] . 58862) . 38781} . 59806) . 39633] . 60733) . 40488] 58 
3 . 56939} . 37101] . 57917] . 37946] . 58878) . 38795) . 59821) . 39647) . 60748) . 40502) 57 
4 . 56955] . 37115] . 57933] . 37960} . 58893} . 38809] . 59837) . 39661) . 60763) . 40517] 56 
5 | 9. 56972/0. 37129]9. 57949/0. 3797419. 58909|0. 38823]9. 59852/0. 39676]9. 60779)0. 40531} 55 
6 . 56988} . 37143] . 57965) . 37989] . 58925) . 38837] . 59868) . 39690) . 60794) . 40545] 54 
7 . 57005] . 37157] . 57981) . 38003] . 58941) . 38852) . 59883) . 39704} . 60809) . 40560) 53 
8 . 57021) . 37171] . 57998) . 38017] . 58957) . 38866} . 59899] . 39718] . 60825) . 40574) 52 
9 . 57037| . 37186} . 58014) . 38031} . 58973) . 38880] . 59915) . 39732} . 60840) . 40588} 51 
10 | 9. 57054/0. 37200)9. 58030)0. 38045]9. 58989/0. 38894]9. 59930/0. 39747]9. 60855/0. 40602} 50 
11 . 57070; . 37214] . 58046] . 38059] . 59004) . 38908] . 59946) . 39761] . 60870) . 40617} 49 
12 . 57087| . 37228] . 58062) . 38073] . 59020) . 38923] . 59961) . 39775} . 60886) . 40631] 48 
13 . 57103] . 37242] . 58078) . 38087] . 59036) . 38937] . 59977) . 39789} . 60901) . 40645) 47 
14 . 57119] . 37256] . 58094) . 38102] . 59052) . 38951] . 59992) . 39804] . 60916) . 40660} 46 
15 | 9. 57136)0. 37270]9. 58110)0. 38116]9. 59068/0. 38965]9. 60008/0. 39818]9. 60931)0. 40674] 45 
16 . 57152) . 37284] . 58126] . 38130] . 59083) . 38979] . 60023) . 39832] . 60947) . 40688] 44 
iz . 57169] . 37298] . 581438] . 38144] . 59099) . 38994) . 60039) . 39846] . 60962) . 40702) 43 
18 . 57185) . 37312] . 58159) . 38158] . 59115) . 39008] . 60054) . 39861] . 60977| . 40717] 42 
19 . 57201) . 37326] . 58175) . 38172] . 59131) . 39022] . 60070) . 39875] . 60992) . 40731] 41 
20 | 9. 57218/0. 37340}9. 58191/0. 38186]9. 59147/0. 39036]9. 60085/0. 39889]9. 61008/0. 40745} 40 
21 . 57234) . 37354] . 58207) . 38200] . 59162) . 39050} . 60101] . 39903] . 61023) . 40760] 39 
22 . 57250) . 37368] . 58223) . 38215] . 59178) . 39064] . 60116} . 39918] . 61038) . 40774} 38 
23 . 57267) . 37382] . 58239) . 38229] . 59194) . 39079) . 60132) . 39932] . 61053) . 40788] 37 
24 . 57283) . 37397] . 58255) . 38243] . 59210) . 39093] . 60147) . 39946) . 61069) . 40802] 36 
25 | 9. 57299)0. 37411]9. 58271\0. 38257]9. 59225/0. 3910719. 60163]0. 39960]9. 61084/0. 40817] 35 
26 . 57316) . 37425] . 58287) . 38271) . 59241} . 39121} . 60178) . 39975} . 61099} . 40831) 34 
27 . 57332) . 37439) . 58303] . 38285] . 59257) . 39135) . 60194! . 39989] . 61114] . 40845} 33 
28 . 57348] . 37453] . 58319) . 38299) . 59273) . 39150} . 60209] . 40003} . 61129] . 40860) 32 
29 . 57365] . 37467] . 58335) . 38314] . 59289) . 39164] . 60225] . 40017] . 61145} . 40874) 31 
30 | 9. 57381)0. 37481)9. 5835110. 38328]9. 59304/0. 39178]9. 602400. 40032]9. 61160/0. 40888} 30 
ol . 57397] . 37495] . 58367] . 38342] . 59320) . 39192] . 60256) . 40046] . 61175) . 40903] 29 
32 . 57414) . 37509] . 58383] . 38356] . 59336) . 39206] . 60271} . 40060] . 61190) . 40917] 28 
33 . 57430) . 37523] . 58399) . 38370] . 59351] . 39221] . 60287) . 40074] . 61205) . 40931] 27 
34 . 57446) . 37537] . 58415) . 38384] . 59367) . 39235} . 60302) . 40089} . 61221) . 40945) 26 
35 | 9. 57463)0. 3755119. 58431/0. 38398]9. 59383/0. 39249]9. 60318|0. 40103]9. 61236|0. 40960] 25 
36 | .57479) . 37566] . 58447| . 38413] . 59399] . 39263] . 60333] . 40117] . 61251] . 40974] 24 
37 | . 57495) . 37580] . 58463] . 38427] . 59414] . 39277] . 60348) . 40131] . 61266] . 40988] 23 
38 . 57511} . 37594] . 58479) . 38441] . 59430) . 39292) . 60364! . 40146} . 61281} . 41003) 22 
39 . 57528] . 37608] . 58495) . 38455) . 59446] . 39306] . 60379] . 40160} . 61296] . 41017) 21 
40 | 9. 57544/0. 37622]9. 58511/0. 38469]9. 59461/0. 39320}9. 60395]0. 40174]9. 61312/0. 41031) 20 
41 . 57560} . 37636] . 58527) . 38483] . 59477] . 39334] . 60410] . 40188} . 61327| . 41046) 19 
42 . 57577) . 37650] . 58543) . 38498] . 59493] . 39348] . 60426) . 40203] . 61342) . 41060; 18 
43 . 57593) . 37664] . 58559) . 38512] . 59508] . 39363] . 60441) . 40217] . 61357) . 41074] 17 
44 . 57609) . 37678] . 58575) . 38526] . 59524) . 39377] . 60456) . 40231} . 613872) . 41089] 16 
45 | 9. 57625/0. 37692)9. 58591/0. 38540]9. 59540/0. 3939119. 604720. 40245}9. 61387|0. 41103] 15 
46 . 57642) . 37706] . 58607) . 38554) . 59556] . 39405] . 60487] . 40260} . 61402) . 41117] 14 
47 . 57658} . 37721] . 58623) . 38568] . 59571] . 39420) . 60502) . 40274] . 61417) . 41131) 138 
48 . 57674) . 37735] . 58639] . 38582] . 59587) . 39434] . 60518] . 40288] . 61433) . 41146] 12 
49 . 57690} . 37749] . 58655) . 38597] . 59602] . 39448] . 60533] . 40303] . 61448] . 41160} 11 
50 | 9. 577060. 37763]9. 58671)0. 38611]9. 59618|0. 39462]9. 60549/0. 40317]9. 614630. 41174] 10 
51 . 57723) . 37777] . 58687) . 38625) . 59634) . 39476] . 60564] . 40331] . 61478) . 41189} 9 
52 . 57739) . 37791] . 58703) . 38639} . 59649] . 39491] . 60579] . 40345] . 61493] . 41203) 8 
53 . 57755] . 37805) . 58719) . 38653] . 59665] : 39505) . 60595) . 40360] . 61508] . 41217) 7 
54 57771) . 37819] . 58735) . 38667] . 59681) . 39519] . 60610} . 40374] . 61523} . 41232] 6 
55 | 9. 57787|0. 37833]9. 58750|0. 38682]9. 59696/0. 39533]9. 60625/0. 40388}9. 61538)0. 41246] 5 
56 . 57804| . 37847] . 58766) . 38696) . 59712) . 39548] . 60641| . 40402) . 61553) . 41260) 4 
57 . 57820! . 37862] . 58782) . 38710] . 59728) . 39562] . 60656] . 40417] . 61568) . 41275) 3 
58 . 57836] . 37876] . 58798] . 38724] . 59743) . 39576) . 60671) . 40431] . 61583) . 41289) 2 
59 . 57852) . 37890) . 58814) . 38738] . 59759) . 39590] . 60687) . 40445] . 61598) . 41303] 1 
60 | 9. 57868)0. 37904]9. 58830)0. 38752]9. 59774|0. 39604]9. 60702/0. 40460]9. 61614/0. 41318] 0 
284° 283° 282° 281° 280° 
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TABLE 34 
Haversines 
80° 81° 82° 83° 84° 

t Log Hav | Nat. Hav} Log Hav | Nat. Hav] Log Hav | Nat. Hav| Log Hav | Nat. Hav| Log Hav |Nat. Hav] ’ 

0 | 9. 61614/0. 41318]9. 62509]0. 42178]9. 63389]0. 4304119. 64253/0. 43907]9. 65102/0. 44774] 60 

1 . 61629] . 41332] . 62524) . 42193] . 63403) . 43056] . 64267] . 43921] . 65116] . 44788] 59 

2 . 61644] . 41346] . 62538] . 42207] . 63418] . 43070] . 64281] . 43935] . 65130] . 44803] 58 

3 . 61659] . 41361] . 62553] . 42221] . 63432] . 43085] . 64296] . 43950] . 65144] . 44817] 57 

4 . 61674) . 41375] . 62568] . 42236] . 63447) . 43099] . 64310] . 43964] . 65158] . 44831] 56 

5 | 9. 61689/0. 41389]9. 62583)/0. 42250]9. 63461/0. 43113]9. 6432410. 43979]9. 6517210. 44846) 55 

6 . 61704) . 41404] . 62598) . 42264] . 63476] . 43128] . 64339] . 43993] . 65186] . 44860] 54 

7 . 61719} . 41418} . 62612) . 42279) . 63490) . 43142] . 64353} . 44008] . 65200) . 44875] 53 

8 . 61734| . 41482] . 62627) . 42293] . 63505) . 43157] . 64367) . 44022] . 65214! . 44889] 52 

9 . 61749) . 41447] . 62642) . 42308] . 63519) . 43171] . 64381] . 44036] . 65228] . 44904] 51 
10 } 9. 61764/0. 41461]9. 62657|0. 4232219. 63534/0. 43185]9. 64396/0. 44051]9. 65242|0. 44918] 50 
11 . 61779| . 41475] . 62671) . 42336] . 63548] . 43200] . 64410] . 44065] . 65256] . 44933] 49 
12 . 61794) . 41490] . 62686] . 42351] . 63563] . 43214] . 64424) . 44080] . 65270) . 44947] 48 
13 . 61809} . 41504] . 62701) . 42365] . 63577] . 43229] . 64438] . 44094] . 65284] . 44962] 47 
14 . 61824) . 41518] . 62716] . 42379] . 63592) . 43243] . 64452) . 44109] . 65298] . 44976] 46 
15 | 9. 618390. 41533]9. 62730|0. 42394]9. 63606/0. 43257]9. 64467|0. 44123]9. 65312/0. 44991] 45 
16 . 61854] . 41547] . 62745) . 42408] . 63621] . 43272] . 64481) . 44138] . 65326) . 45005} 44 
17 . 61869) . 41561] . 62760} . 42423] . 63635) . 43286] . 64495) . 44152] . 65340) . 45020} 43 
18 . 61884] . 41576] . 62774) . 42437] . 63649) . 43301) . 64509] . 44166] . 65354) . 45034] 42 
19 . 61899} . 41590] . 62789] . 42451] . 63664) . 43315] . 64523] . 44181] . 65368] . 45048] 41 
20 | 9. 61914|0. 41604]9. 62804|0. 42466]9. 636780. 43330]9. 64538)0. 44195]9. 65382/0. 45063] 40 
21 . 61929) . 41619] . 62819] . 42480} . 63693) . 43344] . 64552) . 44210] . 65396) . 45077] 39 
22 . 61944) . 41633] . 62833] . 42494] . 63707) . 43358] . 64566) . 44224] . 65410] . 45092} 38 
23 . 61959] . 41647] . 62848] . 42509] . 63722] . 438373] . 64580] . 44239] . 65424) . 45106] 37 
24 . 61974] . 41662] . 62863) . 42523] . 63736) . 438387] . 64594) . 44253] . 65438) . 45121] 36 
25 | 9. 61989/0. 41676]9. 62877)0. 42538]9. 63751/0. 4340219. 64609/0. 44268]9. 6545210. 45135} 35 
26 . 62003] . 41690} . 62892) . 42552] . 63765) . 43416] . 64623] . 44282] . 65466] . 45150} 34 
PE . 62018} . 41705] . 62907] . 42566] . 63779) . 43430] . 64637! . 44296] . 65480] . 45164] 33 
28 . 62033] . 41719] . 62921! . 42581] . 63794) . 43445] . 64651) . 44311] . 65493) . 45179) 32 
“29 . 62048] . 41733] . 62936] . 42595] . 63808] . 43459] . 64665) . 44325] . 65507) . 45193] 31 
30 | 9. 62063)0. 41748]9. 62951|0. 42610]9. 63823/0. 43474]9. 64679/0. 44340]9. 65521/0. 45208} 30 
31 . 62078] . 41762] . 62965] . 42624] . 63837) . 43488] . 64694] . 44354] . 65585) . 45222) 29 
32 . 62093] . 41776] . 62980) . 42638] . 63851] . 43503] . 64708) . 44369] . 65549] . 45237] 28 
33 . 62108] . 41791] . 62995) . 42653] . 63866] . 43517] . 64722) . 44383] . 65563) . 45251] 27 
34 . 62123] . 41805} . 63009) . 42667] . 63880) . 43531] . 64736] . 44398] . 65577) . 45266] 26 
35 | 9. 62138]0. 41819]9. 6302410. 42681]9. 63895/0. 43546]9. 64750)0. 44412]9. 6559110. 45280] 25 
36 . 62153) . 41834] . 63039) . 42696] . 63909) . 43560] . 64764| . 44427] . 65605] . 45295] 24 
37 . 62168] . 41848] . 638053) . 42710] . 63923) . 43575] . 64778] . 44441] . 65619) . 45309) 23 
38 . 62182] . 41862] . 63068] . 42725] . 63938] . 43589] . 64793] . 44455] . 65632] . 45324] 22 
39 . 62197| . 41877] . 63082) . 42739] . 63952] . 43603] . 64807| . 44470] . 65646} . 45338] 21 
40 | 9. 62212/0. 41891]9. 63097)|0. 42753]9. 63966/0. 43618]9. 64821)0. 44484]9. 656600. 45353] 20 
41 . 62227| . 41905] . 63112] . 42768] . 63981] . 43632] . 64835] . 44499] . 65674) . 45367] 19 
42 . 62242] . 41920] . 63126] . 42782] . 63995] . 43647] . 64849] . 44513] . 65688) . 45381} 18 
43 . 62257] . 41934] . 63141] . 42797] . 64010] . 43661] . 64863] . 44528] . 65702) . 45396] 17 
44 . 62272) . 41949] . 63156] . 42811] . 64024] . 43676] . 64877] . 44542] . 65716) . 45410) 16 
45 | 9. 62287/0. 41963]9. 63170/0. 42825]9. 64038|0. 43690]9. 64891/0. 4455719. 65729/0. 45425) 15 
46 . 62301] . 41977] . 63185] . 42840] . 64053] . 43704] . 64905] . 44571] . 65743) . 45439] 14 
47 . 62316] . 41992] . 63199] . 42854] . 64067] . 43719] . 64919] . 44586] . 65757) . 45454] 13 
48 . 62331] . 42006] . 63214! . 42869] . 64081) . 43733] . 64934] . 44600] . 65771] . 45468] 12 
49 . 62346| . 42020] . 63228] . 42883] . 64096] . 43748] . 64948) . 44614] . 65785] . 45483) 11 
50 | 9. 62361/0. 42035]9. 63243/0. 42897]9. 64110|0. 43762]9. 64962/0. 44629]9. 65799)0. 45497] 10 
51 . 62376] . 42049] . 63258] . 42912] . 64124) . 43777] . 64976] . 44643] . 65812) . 45512) 9 
o2 . 62390] . 42063] . 63272] . 42926] . 64139] . 43791] . 64990] . 44658] . 65826) . 45526) 8 
a3 . 62405] . 42078] . 63287] . 42941] . 64153] . 43805] . 65004 . 44672) . 65840] . 45541] 7 
54 . 62420) . 42092] . 63301) . 42955} . 64167] . 43820] . 65018) . 44687] . 65854! . 45555 6 
55 | 9. 62435/0. 42106]9. 63316]0. 42969]9. 64181\0. 43834]9. 65032/0. 44701}9. 65868/0. 45570} 5 
56 . 62450] . 42121] . 63330] . 42984] . 64196] . 43849] . 65046) . 44716] . 65881} . 45584] 4 
57 . 62464] . 42135] . 63345] . 42998] . 64210) . 43863] . 65060] . 44730] . 65895] . 45599) 3 
58 . 62479] . 42150] . 63360] . 43013] . 64224] . 43878] . 65074] . 44745] . 65909] . 45613) 2 
59 . 62494] . 42164] . 63374] . 43027] . 64239] . 43892] . 65088] . 44759) . 65923) . 45628) 1 
60 | 9. 62509|0. 4217819. 63389]0. 430419. 64253]0. 43907]9. 65102/0. 44774]9. 65937/0. 45642) 0 
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TABLE 34 


Haversines 


85° 86° 87° 88° 89° 


Log Hav | Nat. Hav} Log Hav | Nat. Hav} Log Hav | Nat. Hav} Log Hav | Nat. Hav] Log Hav | Nat. Hav 


9. 65937|0. 45642/9. 66757\0. 46512]9. 67562/0. 47383]9. 68354/0. 48255]9. 69132)0. 49127 
. 65950) . 45657| . 66770) . 46527] . 67576) . 47398] . 68367) . 48270] . 69145) . 49142 
. 65964) . 45671] . 66784, . 46541] . 67589) . 47412] . 68380) . 48284) . 69158) . 49156 
. 65978) . 45686] . 66797| . 46556] . 67602) . 47427] . 68393) . 48299] . 69171) . 49171 
. 65992) . 45700) . 66811) . 46570] . 67616) . 47441) . 68407| . 48313) . 69184) . 49186 


. 66006/0. 45715]9. 66824)0. 465859. 67629)0. 47456]9. 68420)0. 48328)9. 691970. 49200 
. 66019] . 45729] . 66838] . 46599] . 67642) . 47470] . 68433) . 48342] . 69209] . 49215 
. 66033} . 45744] . 66851) . 46614] . 67656, . 47485) . 68446) . 48357] . 69222) . 49229 
. 66047) . 45758] . 66865) . 46628] . 67669) . 47499) . 68459) . 48371] . 69235) . 49244 
. 66061] . 45773] . 66878) . 46643] . 67682] . 47514) . 68472) . 48386] . 69248) . 49258 


. 66074/0. 4578719. 66892)0. 46657]9. 67695/0. 47528)9. 68485/0. 4840019. 69261)0. 49273 
. 66088) . 45802] . 66905] . 46672] . 67709) . 47543) . 68498) . 48415] . 69274) . 49287 
. 66102} . 45816} . 66919) . 46686] . 67722) . 47558} . 68511) . 48429] . 69286; . 49302 
. 66116] . 45831] . 66932) . 46701) . 67735) . 47572) . 68524) . 48444) . 69299) . 49316 
. 66129} . 45845] . 66946) . 46715] . 67748) . 47587] . 68537) . 48459] . 69312) . 49331 


. 66143)0. 45860]9. 66959)/0. 46730/9. 67762)0. 476019. 68550)0. 48473]9. 69325)0. 49346 
. 66157| . 45874] . 66973) . 46744] . 67775) . 47616) . 68563) . 48488] . 69338} . 49360 
. 66170) . 45889] . 66986) . 46759] . 67788) . 47630] . 68576) . 48502] . 69350) . 49375 
. 66184] . 45903} . 67000) . 46773] . 67801] . 47645] . 68589} . 48517] . 69363) . 49389 
. 66198] . 45918} . 67013) . 46788) . 67815) . 47659] . 68602} . 48531] . 69376) . 49404 


. 66212)0. 45932]9. 67027)\0. 46802)9. 67828)0. 476749. 68615/0. 48546]9. 693890. 49418 
. 66225] . 45947] . 67040] . 46817] . 67841| . 47688] . 68628) . 48560] . 69402) . 49433 
. 66239] . 45961] . 67054) . 46831) . 67854) . 47703] . 68641) . 48575] . 69414) . 49447 
. 66253) . 45976] . 67067) . 46846] . 67868) . 47717] . 68654| . 48589] . 69427) . 49462 
. 66266} . 45990} . 67081| . 46860) . 67881] . 47732] . 68667) . 48604) . 69440] . 49476 


. 66280/0. 46005}9. 67094)0. 46875]9. 67894/0. 47746]9. 68680|0. 48618}9. 69453)0. 49491 
. 66294) . 46019] . 67108) . 46890] . 67907| . 47761] . 68693) . 48633] . 69465) . 49505 
. 66307] . 46034] . 67121) . 46904] . 67920) . 47775) . 68706] . 48648] . 69478) . 49520 
. 66321) . 46048] . 67134) . 46919] . 67934) . 47790] . 68719] . 48662] . 69491) . 49535 
. 66335) . 46063] . 67148) . 46933] . 67947) . 478041 . 68732) . 48677) . 69504! . 49549 


. 66348/0. 46077/9. 67161)/0. 46948]9. 67960/0. 47819]9. 687450. 48691)9. 69516)0. 49564 
. 66362) . 46092] . 67175) . 46962) . 67973) . 47834] . 68758] . 48706] . 69529] . 49578 
. 66376) . 46106] . 67188) . 46977] . 67986] . 47848] . 68771) . 48720] . 69542) . 49593 
. 66389} . 46121] . 67202) . 46991] . 68000] . 47863] . 68784) . 48735] . 69555) . 49607 
. 66403) . 46135] . 67215) . 47006) . 68013) . 47877] . 68797] . 48749) . 69567] . 49622 


. 66417/0. 46150)9. 67228/0. 47020}9. 68026/0. 4789219. 68810]0. 48764)9. 69580/0. 49636 
. 66430) . 46164] . 67242) . 47035] . 68039] . 47906] . 68823) . 48778] . 69593) . 49651 
. 66444) . 46179) . 67255) . 47049] . 68052) . 47921) . 68836) . 48793] . 69605] . 49665 
. 66458] . 46193] . 67269] . 47064] . 68066] . 47935] . 68849] . 48807] . 69618] . 49680 
. 66471) . 46208] . 67282) . 47078] . 68079] . 47950) . 68862] . 48822] . 69631] . 49695 


. 66485)0. 4622219. 67295|0. 47093]9. 68092/0. 47964]9. 68875|0. 48837]9. 69644/0. 49709 
. 66499) . 46237] . 67309) . 47107] . 68105] . 47979] . 68887] . 48851] . 69656] . 49724 
. 66812) . 46251] . 67322) . 47122) . 68118] . 47993] . 68900) . 48866] . 69669] . 49738 
. 66526) . 46266] . 67336) . 47136] . 68131} . 48008] . 68913] . 48880} . 69682) . 49753 
. 46280] . 67349) . 47151] . 68144) . 48022} . 68926) . 48895] . 69694| . 49767 


. 46295)9. 67362)0. 47165}9. 68158)0. 4803719. 68939)0. 48909}9. 69707/0. 49782 
. 46309] . 67376) . 47180) . 68171) . 48052} . 68952] . 48924] . 69720) . 49796 
. 46324) . 67389) . 47194] . 68184) . 48066] . 68965) . 48938] . 69732) . 49811 
. 46338} . 67402) . 47209] . 68197| . 48081] . 68978) . 48953] . 69745] . 49825 
. 46353] . 67416) . 47223] . 68210) . 48095] . 68991] . 48967] . 69758} . 49840 


. 46367/9. 67429)/0. 47238}9. 68223)0. 48110]9. 69004/0. 48982]9. 69770/0. 49855 
. 46382} . 67443) . 47252] . 68236) . 48124] . 69017) . 48997] . 69783) . 49869 
- 46396] . 67456) . 47267) . 68249) . 48139] . 69029) . 49011] . 69796] . 49884 
. 46411} . 67469) . 47282] . 68263) . 48153] . 69042) . 49026} . 69808] . 49898 
. 46425] . 67483) . 47296] . 68276] . 48168] . 69055) . 49040] . 69821] . 49913 


. 4644019. 67496)0. 47311]9. 68289)0. 48182]9. 69068/0. 49055]9. 69834/0. 49927 
. 46454) . 67509) . 47325] . 68302] . 48197] . 69081) . 49069] . 69846) . 49942 
. 46469) . 67522) . 47340] . 68315) . 48211] . 69094) . 49084] . 69859] . 49956 
. 46483] . 67536) . 47354] . 68328] . 48226] . 69107) . 49098] . 69872| . 49971 
. 46498] . 67549) . 47369] . 68341) . 48240] . 69120) . 49113] . 69884; . 49985 
. 46512)9. 67562/0. 47383]9. 68354/0. 48255]9. 69132/0. 49127]9. 69897/0. 50000 
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TABLE 34 
Haversines 
90° 91° 92° 93° 94° 
t Log Hav | Nat. Hav} Log Hav | Nat. Hav] Log Hav | Nat. Hav] Log Hay | Nat. HavjLog Hav |Nat. Hav] ’ 
0 | 9. 69897/0. 50000}9. 70648)0. 508739. 71387)/0. 51745]9. 72112/0. 52617]9. 72825/0. 53488] 60 
1 . 69910} . 50015) . 70661) . 50887] . 71399) . 51760} . 72124) . 52631] . 72837) . 53502] 59 
2 . 69922) . 50029) . 70673} . 50902] . 71411] . 51774] . 72136] . 52646] . 72849] . 53517] 58 
3 . 69935] . 50044] . 70686) . 50916} . 71423) . 51789] . 72148) . 52660] . 72861] . 53531) 57 
4 . 69948} . 50058] . 70698) . 50931] . 71436] . 51803] . 72160) . 52675) . 72873] . 53546] 56 
5 | 9. 69960)0. 50073}/9. 70710)0. 50945]9. 71448]0. 51818]9. 72172/0. 52689]9. 7288410. 53560] 55 
6 . 69973] . 50087] . 70723] . 50960] . 71460) . 51832] . 72184] . 52704) . 72896) . 53575] 54 
7 . 69985} . 50102) . 70735) . 50974] . 71472) . 51847] . 72196) . 52718] . 72908] .53589] 53 
8 . 69998) . 50116] . 70748] . 50989] . 71484) . 51861] . 72208] . 52733] . 72920) . 53604] 52 
9 . 70011} . 50131] . 70760} . 51003] . 71496] . 51876] . 72220] . 52748] . 72931] . 53618] 51 
10 | 9. 70023)0. 50145]9. 70772\0. 51018]9. 71509]0. 51890]9. 72232\0. 52762]9. 729430. 53633] 50 
11 . 70036} . 50160] . 70785) . 51033] . 71521) . 51905] . 72244) . 52777) . 72955) . 58647) 49 
12 . 70048) . 50175] . 70797) . 51047] . 71533) . 51919) . 72256) . 52791] . 72967] . 538662] 48 
13 . 70061) . 50189} . 70809) . 51062] . 71545] . 51934] . 72268] . 52806] . 72978] . 53676] 47 
14 . 70074! . 50204) . 70822) . 51076) . 71557] . 51948] . 72280) . 52820] . 72990) . 53691] 46 
15 | 9. 70086/0. 50218]9. 70834|0. 51091]9. 71569|0. 51963]9. 72292|0. 52835]9. 73002/0. 53705} 45 
16 . 70099) . 50233} . 70847) . 51105} . 71582) . 51978] . 72304] . 52849) . 73014) . 53720] 44 
17 . 70111) . 50247] . 70859) . 51120] . 71594) . 51992] . 72316] . 52864] . 73025) . 53734] 43 
18 . 70124) . 50262) . 70871) . 51134] . 71606) . 52007] . 72328] . 52878] . 73037| . 53749] 42 
19 . 70136} . 50276) . 70884] . 51149] . 71618] . 52021) . 72340] . 52893] . 73049] . 538763] 41 
20 | 9. 70149)0. 5029119. 708960. 51163]9. 71630|0. 52036]9. 72352/0. 52907|9. 73060\0. 53778] 40 
21 . 70161) . 50305] . 70908] . 51178] . 71642) . 52050] . 72363) . 52922] . 73072] . 53792) 39 
22 . 70174| . 50320] . 70921) . 51193] . 71654] . 52065] . 72375) . 52936] . 73084] . 53807] 38 
23 . 70187) . 50335] . 70938) . 51207] . 71666) . 52079] . 72387) . 52951] . 73096] . 58821} 37 
24 . 70199} . 50349] . 70945] . 51222] . 71679] . 52094) . 72399) . 52965] . 73107| . 538836] 36 
25 | 9. 70212)0. 50364]9. 70958)/0. 51236]9. 71691/0. 52108]9. 72411]0. 52980]9. 73119)0. 53850} 35 
26 . 70224) . 50378] . 70970) . 51251] . 71703) . 52123) . 72423) . 52994] . 73131] . 53865] 34 
27 . 70237| . 50393] . 70982) . 51265] . 71715) . 52137] . 72435) . 538009] . 73142) . 53879] 33 
28 . 70249| . 50407} . 70995) . 51280] . 71727) . 52152) . 72447) . 53023] . 73154] . 538894] 32 
29 . 70262} . 50422) . 71007) . 51294] . 71739] . 52166] . 72459] . 53038] . 73166] . 53908] 31 
30 | 9. 70274/0. 50436}9. 71019|0. 51309]9. 71751)0. 52181]9. 724710. 538052]9. 731770. 58923} 30 
31 . 70287) . 50451] . 71032) . 51323] . 71763) . 52195) . 72482) . 53067] . 73189) . 53937] 29 
32 . 70299) . 50465] . 71044) . 51338) . 71775) . 52210] . 72494) . 53081] . 73201) . 538952} 28 
33 . 70312) . 50480] . 71056} . 51352) . 71787) . 52225] . 72506) . 53096] . 73212) . 53966] 27 
34 . 70324] . 50495] . 71068] . 51367] . 71800] . 52239] . 72518) . 53110} . 73224] . 53981) 26 
35 | 9. 70337\0. 50509]9. 71081/0. 51382)9. 71812/0. 52254]9. 72530)0. 53125]9. 73236/0. 53995) 25 
36 . 70349] . 50524] . 71093} . 51396] . 71824] . 52268] . 72542) . 53140] . 73247) . 54010] 24 
37 . 70362) . 50538] . 71105) . 51411] . 71836] . 52283] . 72554) . 53154] . 73259) . 54024) 23 
38 . 70374] . 50553} . 71118) . 51425) . 71848] . 52297] . 72565) . 53169] . 73271) . 54039] 22 
39 . 70387| . 50567) . 71130) . 51440] . 71860] . 52312] . 72577) . 53183] . 73282) . 54053] 21 
40 | 9. 703990. 50582]9. 71142/0. 5145419. 718720. 523269. 725890. 53198]9. 73294/0. 54068] 20 
41 . 70412) . 50596] . 71154] . 51469] . 71884) . 52341] . 72601) . 538212] . 73306) . 54082] 19 
42 . 70424| . 50611] . 71167] . 51483] . 71896) . 52355) . 72613! . 53227] . 73317| . 54097] 18 
43 . 70437) . 50625] . 71179) . 51498] . 71908) . 52370] . 72625] . 53241] . 73329] . 54111] 17 
441 . 70449! . 50640] . 71191) . 51512) . 71920] . 52384] . 72637] . 53256] . 73341) . 54126] 16 
45 | 9. '70462)/0. 5065419. 71203/0. 51527]9. 71932/0. 52399]9. 72648)0. 53270)9. 73352)0. 54140] 15 
46 . 70474] . 50669] . 71216] . 51541) . 71944] . 52413] . 72660] . 538285] . 73364) . 54155) 14 
47 . 70487] . 50684] . 71228] . 51556] . 71956) . 52428) . 72672) . 53299] . 73375] . 54169] 13 
48 . 70499] . 50698] . 71240) . 51571] . 71968] . 52442] . 72684] . 53314) . 73387) . 54184] 12 
49 . 70512) . 50713] . 71252) . 51585] . 71980] . 52457] . 72696] . 538328] . 73399) . 54198} 11 
50 | 9. 70524/0. 5072719. 71265/0. 51600}9. 71992/0. 52472]9. 72708]0. 53343]9. 73410\0. 54213} 10 
51 . 70537) . 50742] . 71277) . 51614] . 72004! . 52486] . 72719] . 53357) . 73422) . 54227) 9 
52 . 70549| . 50756] . 71289] . 51629] . 72016) . 52501) . 72731) . 53372) . 73433) . 54242) 8 
53 . 70561| . 50771] . 71301) . 51643] . 72028) . 52515) . 72743) . 53386] . 73445) . 54256) 7 
54 . 70574] . 50785] . 71314] . 51658] . 72040) . 52530] . 72755) . 53401) . 73457) . 54271) 6 
55 | 9. 70586|0. 50800}9. 71326)0. 51672]9. 72052|0. 5254419. 72767|0. 53415]9. 73468)0. 54285) 5 
56 . 70599] . 50814] . 71338] . 51687] . 72064] . 52559) . 72778) . 53430] . 73480} . 54300) 4 
Did . 70611] . 50829] . 71350) . 51701] . 72076] . 52573] . 72790] . 58444] . 73491] . 54314] 3 
58 . 70624| . 50844] . 71362) . 51716] . 72088) . 52588] . 72802) . 53459] . 73503) . 54329] 2 
59 . 70636] . 50858] . 71375] . 51730] . 72100) . 52602] . 72814! . 538473] . 73515) . 54343) 1 
60 | 9. 70648|0. 50873]9. 71387/0. 51745]9. 72112/0. 52617|9. 72825/0. 538488/9. 73526)0. 54358) 0 
269° 268° 267° 266° 265° 
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95° 


96° 


TABLE 34 


Haversines 


97° 98° 


99° 


Log Hay 


Nat. Hav} Log Hav 


Nat. Hav} Log Hav 


Nat. Hav} Log Hav | Nat. Hav} Log Hav 


Nat. Hav 


9. 73526 
. 73538 
. 73549 
. 73561 
. 73572 


0. 54358}9. 74215 


. 54372] . 74226) . 
. 54387] . 74237) . 
. 54401] . 74249] . 
. 54416] . 74260) . 


0. 55226]9. 74891 
. 74902 
. 74914 
. 74925 
. 74936 


0. 56093]9. 75556)0. 56959)9. 
. 56108] . 75567) . 56973 
. 56122] . 75578) . 56987 
. 56137] . 75589} . 57002 
. 56151} . 75600) . 57016 


. 76220 
. 76231 
. 76241 
. 76252 


762090. 


57822 


. 57836 
. 57850 
. 57865 
. 57879 


OONDOPWNrHO 


. 73584 
. 73596 
. 73607 
. 73619 
. 73630 


. 5443019. 742720. 
. 54445] . 74283) . 
. 54459] . 74294) . 
. 54474] . 74306| . 
. 54488] . 74317) . 


. 74947 
. 74958 
. 74969 
. 74981 
. 74992 


. 561669. 75611/0. 57031]9. 
. 56180] . 75622) . 57045 
. 56195] . 75633} . 57059 
. 56209] . 75644) . 57074 
. 56223] . 75655) . 57088 


. 76274 
. 76285 
. 76296 
. 76306 


76263 


. 57894 
. 57908 
. 57922 
. 57937 
. 57951 


. 73642 
. 73653 
. 73665 
. 73676 
. 73688 


. 64532] . 74351 


. 54503]9. 743280. 
. 54517] . 74340) . 


54546] . 74362] . 
545611 . 74374| . 


. 75003 
. 75014 
. 75025 
. 75036 
. 75047 


. 5623819. 75666)0. 57103)9. 
. 56252) . 75677) . 57117 
. 56267) . 75688) . 57131 
. 56281] . 75698] . 57146 
. 56296] . 75709} . 57160 


. 76328 
. 76338 
. 76349 
. 76360 


76317 


. 57965 
. 57980 
. 57994 
. 58008 
.. 58023 


. 73699 
. 73711 
. 13722 
. 73734 
. 73746 


. 54575)9. 74385)0. 
. 54590] . 74396) . 
. 54604] . 74408) . 
. 64619) . 74419) . 
. 54633] . 74430} . 


. 75059 
. 75070 
. 75081 
. 75092 
. 75103 


. 5631019. 75720)0. 571759. 
. 56324] . 75731) . 57189 
. 56339] . 75742) . 57203 
. 56353] . 75753) . 57218 
. 56368] . 75764) . 57232 


. 76381 
. 76392 
. 76403 
. 76414 


76371)0. 


58037 


. 68051 
. 58066 
. 58080 
. 58095 


. 73757 
. 73769 
. 73780 
. 73792 
. 73803 


. 73815 
. 73826 
. 73838 
. 73849 
. 73860 


. 54778] . 74543 


. 5464719. 74442)0. 
. 54662) . 74453) . 
. 54676) . 74464) . 
. 54691] . 74475) . 
. 54705] . 74487) . 


. 54720]9. 74498)0. 
. 54734] . 74509) . 
. 54749] . 74521) . 
. 54763] . 74532) . 


> 75114 
. 75125 
. 75136 
. 75147 
. 75159 


. 5638219. 75775)/0. 57247)9. 
. 56397] . 75786) . 57261 
. 56411) . 75797) . 57275 
. 56425] . 75808) . 57290 
. 56440] . 75819} . 57304 


. 76435 
. 76446 
. 76456 
. 76467 


76424 


. 58109 
. 68123 
. 58138 
. 58152 
. 58166 


. 75170 
. 75181 
. 75192 
. 75203 
. 75214 


. 56454]9. 75830)0. 57319)9. 
. 56469) . 75840} . 57333 
. 56483] . 75851) . 57347 
. 56497] . 75862) . 57362 
. 56512) . 75873) . 57376 


. 76489 
. 76499 
. 76510 
. 76521 


76478 


. 58181 
. 58195 
. 58209 
. 68224 
. 58238 


. 73872 
. 73883 
. 73895 
. 73906 
. 73918 


. 5479219. 745540. 
. 54807] . 74566) . 
. 54821] . 74577) . 
. 54836] . 74588) . 
. 54850] . 74600) . 


9. 75225 
. 75236 
. 75247 
. 75258 
. 75269 


. 56526)9. 75884)0. 57390)9. 
. 56541] . 75895) . 57405 
. 56555] . 75906) . 57419 
. 56570] . 75917) . 57434 
. 56584] . 75927) . 57448 


. 76542 
. 76553 
. 76563 
. 76574 


76531 


. 58252 
. 58267 
. 58281 
. 58295 
. 58310 


. 73929 
. 73941 
. 73952 
. 73964 
. 73975 


. 54865]9. 74611 


. 54879] . 74622) . 
. 64894] . 74633) . 
. 54908] . 74645) . 
. 54923] . 74656) . 


. 75280 
. 75291 
. 75303 
. 75314 
. 75325 


. 56598]9. 75938)0. 57462)9. 
. 56613] . 75949] . 57477 
. 56627] . 75960} . 57491 
. 56642} . 75971) . 57506 
. 56656] . 75982) . 57520 


. 76595 
. 76606 
. 76617 
. 76627 


76585 


. 58324 
. 58338 
. 58353 
. 58367 
. 58381 


. 73987 
. 73998 
. 74009 
. 74021 
. 74032 


. 54980) . 74701 


. 5493719. 74667)0. 
. 54952] . 74678) . 
. 54966] . 74690] . 


54995] . 74712| . 


. 75336 
. 75347 
. 75358 
. 75369 
. 75380 


. 56670]9. 75993)0. 5753449. 
. 55685] . 76004| . 57549 
. 56699] . 76014) . 57563 
. 56714) . 76025) . 57577 
. 56728) . 76036) . 57592 


. 76649 
. 76659 
. 76670 
. 76681 


76638 


. 58396 
. 58410 
. 68424 
. 58439 
. 68453 


. 74044 
. 74055 
. 74067 
. 74078 
. 74089 


. 55009]9. 74723)0. 
. 55024] . 74734) . 
. 55038] . 74746] . 
. 65053] . 74757] . 
. 55067] . 74768) . 


. 75391 
. 75402 
. 75413 
. 75424 
. 75435 


. 56743)9. 76047\0. 57606)9. 
. 56757] . 76058) . 57621 
. 56771] . 76069} . 57635 
. 56786] . 76079} . 57649 
. 56800} . 76090} . 57664 


. 76702 
. 76713 
. 76723 
. 76734 


76691 


. 58467 
. 58482 
. 58496 
. 58510 
. 68525 


. 74101 
. 74112 
. 74124 
. 74135 
. 74146 


. 55096} . 74791 


. 55082)9. 74779)0. 


551111 . 74802! . 
55125) . 74813) . 
55140) . 74824) . 


. 75446 
. 75457 
. 75468 
. 75479 
. 75490 


. 56815]9. 76101\0. 576789. 
. 56829] . 76112) . 57692 
. 56843) . 76123) . 57707 
. 56858] . 76134) . 57721 
. 56872] . 76144) . 57736 


. 76755 
. 76766 
OC UG 
. 76787 


76745 


. 58539 
. 68553 
. 58568 
. 58582 
. 58596 


. 74158 
. 74169 
. 74181 
. 74192 
. 74203 
. 74215 


. 55212] . 74880 
0. 55226]9. 74891 


. 5515419. 74835)0. 
. 55169} . 74846} . 
. 05183] . 74858} . 
. 55197] . 74869] . 


. 75501 
. 75512 
. 75523 
. 75534 
75545 
75556 


. 5688719. 76155)0. 57750)9. 
. 56901} . 76166) . 57764 
POOOUO OL on iio 
. 56930] . 76188) . 57793 
. 56944] . 76198) . 57807 
0. 56959}9. 76209|0. 57822]9. 


. 76808 
. 76819 
. 76830 
. 76840 


76798 


76851)0. 


. 58611 
. 98625 
. 58639 
. 58654 
. 58668 


58682 
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Nat. Hav} Log Hav 


TABLE 34 


Haversines 


102° 


103° 


Nat. Hav} Log Hav | Nat. Hav} Log Hav 


9. 76851 
. 76861 


. 76872 | 


. 76883 


.76893| . 


2) . 59555 
. 59569 
. 59583 
. 59598 


scams PwnNe © 


. 76904)0. 
. 76914) . 
. 76925] . 
. 76936] . 
. 76946} . 


. 59626 
. 59640 
- 59655 
. 59669 


. 76957 


. 76967]. 
. 76978} . 
. 76988} . 
. 76999). 


. 59683]9. 78203 
. 59697 
. 59712 
. 59726 
. 59740 


. 77009) 0. 
. 77020) . 


. 77031 
. 77041 
. 77052 


. 59769 
. 59783 
. 59797 
. 59812) 


. 7706210. 


. 77073 


77083) . 
77094] . 
77104) . 


0. 59540)9. 


. 5961219. 


. 5975519. 


78101)0. 60396]9. 
. 78111} . 60410 
. 78121) . 60424 
. 78131) . 60438 
. 78141] . 60452 


78709|0. 61248]9. 
. 78719) . 61262 
. 78729) . 61276 
. 78739] . 61290 
. 78749} . 61304 


79306/0. 
. 79316 
. 79326 
. 79336 
. 79346 


104° 


78152)0. 60467)9. 
. 78162) . 60481 
. 78172) . 60495 
. 78182) . 60509 
. 78192) . 60524 


78203/0. 60538}9. 


. 78213) . 60552 
. 78223] . 60566 
. 78233) . 60580 
. 78243) . 60595 


78759)0. 613189. 
. 78769) . 61333 
. 78779) . 61347 
. 78789) . 61361 
. 78799) . 61375 


78809)0. 613899. 
. 78819] . 61403 
. 78829) . 61418 
. 78839) . 61432 
. 78849) . 61446 


. 79366 
. 79376 
. 79385 
. 79395 


. 79415 
. 79425 
. 79434 
. 19444 


79356 


79405 


Nat. Hav 


62096 
. 62110 
. 62124 
. 62138 
. 62153 


. 62167 

. 62181 
. 62195 
. 62209 
. 62223 


. 62237 
. 62251 
. 62265 
. 62279 
. 62294 


317 


78254\0. 60609}9. 
. 78264] . 60623 
- 78274) . 60637 
. 78284| . 60652 
. 78294) . 60666 


. 77689)0. 59826)9. 
. 77699} . 59840 
. 77710) . 59854 
. 77720) . 59869 
. 77730) . 59883 


. 77115)0. 
. 77125) . 
ad V3.6 
. 77146] . 
LON 


. 77167)0. 
5 WES Ke 
. 77188} . 
= FPS) 
SPAY) 


. 77220)0. 
. 77230} . 


. 77241 
- 1201 


. 777410. 598979. 78355 
SHG Ol nn OOO LL 
. 77761) . 59926 
. 77772) . 59940 
. 77782) . 59954 


. 77792)0. 59968}9. 
. 77803) . 59983 
. 77813} . 59997 
. 77823) . 60011 
. 77834) . 60025 


78355|0. 60751|9. 78959 


. 78365) . 60765 
. 78376} . 60779 
. 78386} . 60794 
. 78396} . 60808 


78859|0. 61460}9. 
. 78869) . 61474 
. 78879] . 61488 
. 78889} . 61502 
. 78899) . 61517 


78305|0. 60680}9. 
. 78315) . 60694 
. 78325) . 60708 
. 78335) . 60723 
. 78345) . 60737 


. 78919} . 61545 
. 78929] . 61559 
. 78939) . 61573 
. 78949) . 61587 


78959|0. 61602|9. 


. 78969} . 61616 
. 78979] . 61630 
. 78989) . 61644 
. 78999] . 61658 


78406|0. 60822)9. 
. 78416] . 60836 
. 78426] . 60850 
. 78436] . 60865 
. 78447| . 60879 


79009|0. 61672)9. 


. 79019) . 61686 
. 79029] . 61701 
. 79039] . 61715 
. 79049] . 61729 


. 77844\0. 60040)9. 
. 77854) . 60054 
. 77864 . 60068 
. 77875) . 60082 
. 77885) . 60097 


. 77895)0. 60111)9. 
. 77906) . 60125 
. 77916} . 60139 
. 77926) . 60154 
. 77936) . 60168 


. 77947)0. 60182)9. 
. 77957) . 60196 
. 77967) . 60211 
. 77978) . 60225 
. 77988] . 60239 


78457|0. 60893}9. 
. 78467| . 60907 
. 78477| . 60921 
. 78487] . 60936 
. 78497] . 60950 


78507|0. 60964}9. 
. 79118] . 61828 
. 79128) . 61842 
. 79138} . 61856 
. 79148} . 61870 


. 78517) . 60978) 
. 78528) . 60992 
. 78538} . 61006 
. 78548) . 61021 


. 79069) . 61757 
. 79079) . 61771 
. 79089} . 61785 
. 79099) . 61800 


79108/0. 61814}9. 


. 79464 
. 19474 
. 79484 
. 79493 


789090. 61531}9. 
. 79513 
. 79523 
. 79533 
. 79542 


. 79562 
. 79572 
. 79582 
. 79591 


. 79611 
. 79621 
. 79631 
. 79640 


79059)0. 61743]9. 79650 
. 79660 
. 79670 
. 79679 


. 79689 


. 79709 
MOTs 
. 79728 
. 79738 


79454 


79503 


9. 79552 


9. 796010. 


9. 79699 


. 62308 
. 62322 
. 62336 
. 62350 
. 62364 


. 62378 
. 62392) 
. 62406 
. 62420 
. 62434 
0. 62449 
. 62463 
. 62477 
. 62491 
. 62505 


0. 62519 


. 62533 
. 62547 
. 62561 
. 62575 


. 62589 

. 62603 
. 62618 
. 62632 
. 62646 
. 62660 
. 62674 
. 62688 
. 62702 
. 62716 


78558)0. 61035)9. 
. 78568) . 61049 
. 78578) . 61063 
. 78588) . 61077 
. 78598) . 61092 


79158)0. 61884)9. 
3 EOE 
. 79767 
5 COSLEE 
. 79787 


. 79168) . 61898 
. 79178) . 61913 
. 79188) . 61927 
. 79198} . 61941 


79748 


. 62730 
. 62744 
. 62758 
. 62772 
. 62786 


. 77998)0. 60253)9. 
. 78008] . 60268 
. 78019) . 60282 
. 78029) . 60296 
. 78039) . 60310 


78608)/0. 61106}9. 
. 79217] . 61969 
. 79227| . 61983 
192374) . 61997 
. 79247) . 62011 


. 78618) . 61120 
. 78628) . 61134 
. 78638) . 61148 
. 78649} . 61163 


. 78049|0. 60324)9. 
. 78060) . 60339 
. 78070) . 60353 
. 78080) . 60367 
. 78090) . 60381 
. 78101\0. 60396|9. 


79208]0. 61955)9. 
. 79806 
. 79816 
. 79825 
. 79835 


786590. 61177}9. 
. 79267| . 62040 
. 79277| . 62054 
. 79287) . 62068 
. 79297] . 62082 


. 78669} . 61191 
. 78679} . 61205 
. 78689] . 61219 
. 78699} . 61233 


78709|0. 61248}9. 


79257|0. 62026]9. 
. 79855 
. 79864 
. 79874) . 
. 19884 


79306|0. 62096]9. 


79796 


79845 


79893)0. 


258° 


257° 


256° 


255° 


. 62800 
. 62814 
. 62829 
. 62843 
. 62857 
. 62871 
. 62885 
. 62899 


62913 


. 62927 


62941 
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TABLE 34 


Haversines 


105° 106° 107° 108° 109° 


Log Hav | Nat. Hav] Log Hav | Nat. Hav] Log Hav | Nat. Hav} Log Hav | Nat. Hav} Log Hav |Nat. Hav] ’ 


9. 79893/0. 62941]9. 80470)0. 63782/9. 81036)0. 64619]9. 81592/0. 6545119. 82137)/0. 66278) 60 
. 79903] . 62955) . 80479) . 63796} . 81045) . 64632) . 81601) . 65465] . 82146) . 66292) 59 
. 79913] . 62969} . 80489] . 63810) . 81054) . 64646] . 81610) . 65479] . 82155) . 66306) 58 
. 79922) . 62983] . 80498) . 63824) . 81064) . 64660) . 81619) . 65492) . 82164) . 66320) 57 
. 79932] . 629971 . 80508) . 63838] . 81073) . 64674] . 81628) . 65506) . 82173) . 66333] 56 


. 79942/0. 63011]9. 80517|0. 63852)9. 81082)0. 646889. 81637/0. 655209. 82182/0. 66347] 55 
. 79951) .63025) . 80527] . 63866) . 81092) . 64702] . 81647) . 65534) . 82191) . 66361) 54 
. 79961) . 63039] . 80536] . 63880} . 81101) . 64716] . 81656} . 65548) . 82200) . 66375) 53 
. 79971) . 63053] . 80546) . 63894) . 81110) . 64730) . 81665) . 65561} . 82209) . 66388) 52 
. 79980) . 63067] . 80555] . 63908] . 81120} . 64744) . 81674) . 65575] . 82218) . 66402) 51 


10 | 9. 79990/0. 63081/9. 80565/0. 63922/9. 81129)0. 64758]9. 81683)/0. 65589]9. 82227|0. 66416} 50 
11 . 80000) . 63095] . 80574! . 63936} . 81138) . 64772) . 81692) . 65603] . 82236) . 66430} 49 
12 . 80009) . 63109} . 80584| . 63950} . 81148) . 64785) . 81701) . 65617] . 82245) . 66443) 48 
13 . 80019) . 63123] . 80593} . 63964] . 81157) . 64799] . 81711) . 65631] . 82254) . 66457] 47 
14 . 80029) . 63138] . 80603) . 63977] . 81166) . 64813) . 81720) . 65644] . 82263) . 66471) 46 


15 | 9. 80038)/0. 63152/9. 80612/0. 63991}9. 81176/0. 64827}9. 81729/0. 65658/9. 82272/0. 66485] 45 
16 . 80048) . 63166} . 80622) . 64005) . 81185) . 64841} . 81738) . 65672) . 82281) . 66498] 44 
17 . 80058) . 63180} . 80631) . 64019) . 81194) . 64855) . 81747) . 65686) . 82290) . 66512] 43 
18 . 80067| . 63194] . 80641) . 64033] . 81204) . 64869] . 81756] . 65700] . 82299) . 66526) 42 
19 . 80077) . 63208] . 80650) . 64047] . 81213] . 64883] . 81765) . 65713] . 82308) . 66539) 41 


20 | 9. 80087)/0. 63222/9. 80660/0. 64061]9. 81222/0. 64897]9. 81775)0. 6572719. 82317/0. 66553} 40 
21 . 80096) . 63236] . 80669) . 64075] . 81231] . 64910} . 81784) . 65741] . 82326) . 66567) 39 
22 . 80106) . 63250) . 80678) . 64089) . 81241) . 64924) . 81793) . 65755] . 82335) . 66581] 38 
23 . 80116} . 63264] . 80688] . 64103} . 81250) . 64938) . 81802) . 65769] . 82344) . 66594) 37 
24 . 80125) . 63278] . 80697) . 64117] . 81259) . 64952) . 81811] . 65782] . 82353) . 66608} 36 


25 | 9. 80135]0. 632929. 80707)/0. 64131]9. 81269)0. 64966]9. 81820/0. 65796/9. 82362)0. 66622} 35 
26 . 80144| . 63306] . 80716) . 64145] . 81278) . 64980) . 81829] . 65810} . 82371) . 66635) 34 
27 . 80154) . 63320) . 80726) . 64159) . 81287] . 64994) . 81838) . 65824) . 82380) . 66649) 33 
28 | . 80164) . 63334] . 80735) . 64173) . 81296) . 65008) . 81847) . 65838] . 82388) . 66663) 32 
29 . 80173) . 63348] . 80745] . 64187) . 81306) . 65021) . 81857) . 65851] . 82397) . 66677) 31 


30 | 9. 80183)0. 63362]9. 80754/0. 64201]9. 81315/0. 65035}9. 81866)0. 658659. 82406/0. 66690} 30 
31 . 80192) . 63376] . 80763} . 64215} . 81324) . 65049) . 81875) . 65879] . 82415) . 66704) 29 
32 . 80202) . 63390] . 80773) . 64229) . 81333) . 65063) . 81884) . 65893] . 82424) . 66718] 28 
33 . 80212) . 63404] . 80782) . 64243) . 81343) . 65077) . 81893) ..65907| . 82433) . 66731) 27 
34 . 80221) . 63418] . 80792) . 64257) . 81352) . 65091} . 81902) : 65920) . 82442) . 66745) 26 


35 | 9. 80231/0. 63432]/9. 80801)0. 64270}9. 81361/0. 65105]9. 81911/0. 65934]9. 82451)0. 66759) 25 
36 . 80240) . 63446] . 80811) . 64284) . 81370) . 65118) . 81920) . 65948) . 82460) . 66773) 24 
37 . 80250) . 63460} . 80820} . 64298) . 81380) . 65132) . 81929) . 65962] . 82469) . 66786) 23 
38 . 80260) . 63474] . 80829) . 64312) . 81389] . 65146) . 81938) .. 65976) . 82478) . 66800} 22 
39 . 80269] . 63488] . 80839) . 64326) . 81398] . 65160} . 81947) . 65989) . 82487) . 66814] 21 


40 | 9. 80279)0. 635029. 80848/0. 64340]9. 81407/0. 65174/9. 81956/0. 66003}9. 82495|0. 66827] 20 
41 . 80288] . 63516] . 80858) . 64354] . 81417) . 65188} . 81965} . 66017] . 82504) . 66841} 19 
42 . 80298] . 63530] . 80867) . 64368] . 81426) . 65202) . 81975) . 66031) . 82513) . 66855) 18 
43 . 80307| . 63544] . 80876) . 64382] . 81435) . 65216) . 81984) . 66044) . 82522) . 66868) 17 
44 . 80317| . 63558] . 80886) . 64396] . 81444) . 65229) . 81993) . 66058] . 82531) . 66882] 16 


45 | 9. 80327\0. 63572]9. 80895)0. 64410]9. 81454/0. 65243]/9. 82002/0. 66072/9. 82540)0. 66896] 15 
46 . 80336) . 63586] . 80905) . 64424) . 81463] . 65257) . 82011) . 66086) . 82549] . 66910) 14 
47 . 80346) . 63600] . 80914] . 64438] . 81472) . 65271] . 82020) . 66100) . 82558) . 66923] 13 
48 . 80355) . 63614] . 80923) . 64452] . 81481) . 65285) . 82029] . 66113) . 82567) . 66937] 12 
49 . 80365) . 63628] . 80933) . 64466] . 81490) . 65299] . 82038] . 66127] . 82575) . 66951} 11 


50 | 9. 80374/0. 63642/9. 80942]0. 6447919. 81500)0. 65312}9. 82047|0. 66141/9. 825840. 66964] 10 
51 - 80384) . 63656} . 80952) . 64493] . 81509) . 65326] . 82056] . 66155) . 82593] . 66978 
52 . 80393) . 63670] . 80961; . 64507) . 81518) . 65340] . 82065] . 66168] . 82602) . 66992 
53 - 80403] . 63684] . 80970) . 64521] . 81527) . 65354) . 82074! . 66182] . 82611) . 67005 
54 . 80413] . 63698} . 80980) . 64535] . 81536) . 65368) . 82083) . 66196] . 82620) . 67019 


. 80422)0. 63712]9. 80989]0. 64549/9. 81546)0. 65382]/9. 82092/0. 66210]9. 82629)/0. 67033 
56 . 80432) . 63726] . 80998] . 64563] . 81555) . 65396] . 82101| . 66223] . 82638) . 67046 
57 . 80441) . 63740] . 81008) . 64577) . 81564) . 65409) . 82110] . 66237] . 82646) . 67060 
58 . 80451) . 63754] . 81017] . 64591) . 81573) . 65423) . 82119) . 66251] . 82655) . 67074 
59 . 80460) . 63768] . 81026) . 64605) . 81582) . 65437) . 82128] . 66265) . 82664| . 67087 
60 | 9. 80470\0. 63782/9. 81036/0. 64619}9. 81592/0. 6545119. 82137/0. 6627819. 82673/0. 67101 
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TABLE 34 


Haversines 


111° 


112° 


113° 


114° 


Log Hav 


Nat. Hav] Log Hav 


Nat. Hav} Log Hav 


Nat. Hav} Log Hav 


Nat. Hav} Log Hav 


Nat. Hav 
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9. 82673 
. 82682 
. 82691 
. 82699 
. 82708 


0. 67101}9. 
. 67115 
. 67128 
. 67142 
. 67156 


. 83207] . 67932 
. 83216) . 67946 
. 83225) . 67959 
. 83233) . 67973 


83199)0. 67918)9. 


83715 


. 83723 
. 83732 
. 83740 
. 83749 


0. 68730}9. 84221 
. 68744] . 84230 
. 68757] . 84238 
. 68771] . 84246 
. 68784] . 84255 


0. 69537}9. 84718 
. 69550] . 84726 
. 69563] . 84735 
. 69577| . 84743 
. 69590} . 84751 


0. 70337 
. 70350 
. 70363 
. 70377 
. 70390 


OOMWMO PWN r © 


. 82717 
. 82726 
. 82735 
. 82744 
. 82752 


. 67169)9. 
. 67183 
. 67197 
. 67210 
. 67224 


. 83251] . 68000 
. 83259} . 68013 
. 83268] . 68027 
. 83277] . 68041 


83242|0. 679869. 


83757 


. 83766 
. 83774 
. 83783 
. 83791 


. 68798]9. 84263 
. 68811] . 84271 
. 68825] . 84280 
. 68838] . 84288 
. 68852] . 84296 


. 69603]9. 84759 
. 69617] . 84767 
. 69630] . 84776 
. 69644] . 84784 
. 69657] . 84792 


. 70403 
. 70417 
. 70430 
. 70443 
. 70456 


. 82761 
. 82770 
. 82779 
. 82788 
. 82796 


. 67238]9. 
. 67251 
. 67265 
. 67279 
. 67292 


. 83294; . 68068 
. 83303] . 68081 
. 83311} . 68095 
. 83320} . 68108 


83285)0. 6805419. 


83800 


. 83808 
. 83817 
. 83825 
. 83834 


. 68865]9. 84305 
. 68879] . 84313 
. 68892] . 84321 
. 68906] . 84330 
. 68919] . 84338 


. 696709. 84800 
. 69684] . 84808 
. 69697] . 84817 
. 69710) . 84825 
. 69724] . 84833 


. 70470 
. 70483 
. 70496 
. 70509 
. 70523 


. 82805 
. 82814 
. 82823 
. 82832 


. 67306)9. 
. 67319 
. 67333 
. 67347 
. 67360 


. 83337) . 68135 
. 83346) . 68149 
. 83355) . 68163 
. 83363) . 68176 


83329)0. 68122)9. 


83842 


. 83851 
. 83859 
. 83868 
. 83876 


. 68932]9. 84346 
. 68946] . 84355 
. 68959] . 84363 
. 68973] . 84371 
. 68986] . 84380 


. 69737)9. 84841 
. 69751] . 84849 
. 69764] . 84857 
. 69777| . 84866 
. 69791| . 84874 


. 70536 
. 70549 
. 70562 
. 70576 
. 70589 


. 6737419. 
. 67388 
. 67401 
. 67415 
. 67429 


. 83380] . 68203 
. 83389] . 68217 
. 83398) . 68230 
. 83406) . 68244 


83372)0. 68190)9. 


83885 


- 83893 
. 83902 
. 83910 
. 83919 


69000}9. 84388 
. 69013] . 84396 
. 69027] . 84405 
. 69040} . 84413 
. 69054] . 84421 


. 698049. 84882 
. 69817] . 84890 
. 69831] . 84898 
. 69844] . 84906 
. 69857] . 84914 


. 70602 
. 70615 
. 70629 
. 70642 
. 70655 


. 6744219. 
. 67456 
. 67469 
. 67483 
. 67497 


. 83424) . 68271 
. 83432] . 68284 
. 83441] . 68298 
. 83449) . 68312 


83415)0. 682579. 


83927 


. 83935 
- 83944 
. 83952 
. 83961 


. 69067]9. 84430 
. 69080] . 84438 
. 69094] . 84446 
. 69107] . 84454 
. 69121} . 84463 


. 69871}9. 84923 
. 69884] . 84931 
. 69897] . 84939 
. 69911] . 84947 
. 69924] . 84955 


. 70668 
. 70682 
. 70695 
. 70708 
. 70721 


. 675109. 
. 67524 
. 67538 
. 67551 
. 67565 


. 83467] . 68339 
. 83475] . 68352 
. 83484) . 68366 
. 83492) . 68379 


83458/0. 68325)9. 


83969 


. 83978 
. 83986 
. 83995 
. 84003 


. 69134]9. 84471 
. 69148] . 84479 
. 69161] . 84488 
. 69174] . 84496 
. 69188] . 84504 


. 6757819. 
. 67592 
. 67606 
. 67619 
. 67633 


. 83510} . 68406 
. 83518] . 68420 
. 83527] . 68433 
. 83535} . 68447 


835010. 68393)9. 


84011 


. 84020 
. 84028 
. 84037 
. 84045 


. 6993719. 84963 
. 69951) . 84971 
. 69964] . 84979 
. 69977] . 84988 
. 69991] . 84996 


. 70735 
. 70748 
. 70761 
. 10774 
. 70788 


. 69201]9. 84512 
. 69215) . 84521 
. 69228] . 84529 
. 69242] . 84537 
. 69255] . 84545 


. 70004}9. 85004 
. 70017] . 85012 
. 70031} . 85020 
. 70044] . 85028 
. 70057] . 85036 


. 70801 


. 70814 
. 70827 
. 70840 
. 70854 


. 67647)9. 
. 67660 
. 67674 
. 67687 
. 67701 


. 83552! . 68474 
. 83561] . 68487 
. 83570) . 68501 
. 83578] . 68514 


83544/0. 68460)9. 


84054 


. 84062 
. 84070 
. 84079 
. 84087 


. 69268]9. 84554 
. 69282] . 84562 
. 69295] . 84570 
. 69309] . 84578 
. 69322] . 84587 


. 70071]9. 85044 
. 70084] . 85052 
. 70097] . 85061 
. 70111} . 85069 
. 70124} . 85077 


. 70867 
. 70880 
. 70893 
. 70907 
. 70920 


. 677159. 
. 67728 
. 67742 
. 67755 
. 67769 


. 83595) . 68541 
. 83604) . 68555 
. 83612} . 68568 
. 83621] . 68582 


83587|0. 68528)9. 


84096 


. 84104 
. 84112 
. 84121 
. 84129 


. 69336]9. 84595 
. 69349} . 84603 
. 69362) . 84611 
. 69376} . 84620 
. 69389] . 84628 


. 70137)9. 85085 
. 70151] . 85093 
. 70164] . 85101 
. 70177] . 85109 
. 70191] . 85117 


. 70933 
. 70946 
. 70959 
. 70973 
. 70986 


. 67783)9. 
. 67796 
. 67810 
. 67823} . 
. 67837 


. 83638] . 68609 
. 83647) . 68622 


. 83664) . 68649 


836300. 68595]9. 


83655] . 68636 


84138 


. 84146 
. 84154 
. 84163 
. 84171 


. 69403]9. 84636 
. 69416] . 84644 
. 69429] . 84653 
. 69443] . 84661 
. 69456] . 84669 


. 70204]9. 85125 
. 70217] . 85133 
. 70230] . 85141 
. 70244] . 85149 
. 70257] . 85158 


. 70999 
. 71012 
. 71025 
. 71039 
. 71052 


. 67850)9. 
. 67864 
. 67878 
. 67891 
. 67905 
. 67918]9. 


. 83681) . 68676 
. 83689) . 68690 
. 83698) . 68703 
. 83706) . 68717 


83672/0. 68663)9. 


83715|0. 6873019. 


84179 


. 84188 
. 84196 
. 84205 
. 84213 


84221 


. 69470)9. 84677 
. 69483] . 84685 
. 69496] . 84694 
. 69510] . 84702 
. 69523] . 84710 
0. 69537}9. 84718 


. 70270}9. 85166 
. 70284] . 85174 
. 70297] . 85182 
. 70310} . 85190 
. 70324] . 85198 
0. 70337/9. 85206 


. 71065 
. 71078 
loo 
. 71105 
mee ees) 
0. 71131 
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115° 


116° 


TABLE 34 


Haversines 


117° 118° 


119° 


Log Hav 


Nat. Hav] Log Hav 


Nat. Hav] Log Hav 


Nat. Hav} Log Hav | Nat. Hav] Log Hav | Nat. Hav 


9. 85206 
. 85214 
. 85222 
. 85230 
. 85238 


0. 71131]9. 85684 


. 71157] . 85700 
. 71170} . 85708 
. 71184] . 85716 


. 71144] . 85692) . 71932 


0. 71919}9. 86153 
. 86161 
. 71945] . 86169 
. 71958] . 86176 
. 71971] . 86184 


0. 72700]9. 86613)/0. 73474)9. 
. 72712) . 86621) . 73486 
. 72725) . 86628) . 73499 
. 72738] . 86636] . 73512 
. 72751] . 86643) . 73525 


. 87072 
. 87079 
. 87086 
. 87094 


87064)0. 


74240 


. 74253 
. 74266 
. 74279 
. 74291 


OON DO PWNH OS 


. 85246 
. 85254 
. 85262 
. 85270 
. 85278 


. 71197}9. 85724 
. 71210) . 85731 
. 71223] . 85739 
. 71236] . 85747 
. 71249} . 85755 


. 7198419. 86192 
. 71997] . 86200 
. 72010] . 86207 
. 72023] . 86215 
. 72036] . 86223 


. 7276419. 8665110. 73538)9. 
. 72777) . 86659} . 73551 
. 72790] . 86666] . 73563 
. 72803] . 86674) . 73576 
. 72816] . 86681] . 73589 


. 87109 
. 87116 
. 87124 
. 87131 


87101 


. 74304 
. 74317 
. 74329 
. 74342 
. 74355 


. 85286 
. 85294 
. 85302 
. 85310 
. 85318 


. 71263]9. 85763 
. 71276) . 85771 
. 71289} . 85779 
. 713802] . 85787 
. 71315] . 85794 


. 72049]9. 86230 
. 72062] . 86238 
. 72075] . 86246 
. 72088] . 86254 
. 72101} . 86261 


. 72829]9. 86689/0. 73602)9. 
. 72842) . 86696) . 73615 
. 72855] . 86704) . 73628 
. 72868] . 86712) . 73640 
. 72881] . 86719) . 73653 


. 87146 
. 87153 
. 87161 
. 87168 


87138 


. 74368 
. 74380 
. 74393 
. 74406 
. 74418 


. 85326 
. 85334 
. 85342 
. 85350 
. 85358 


. 713828]9. 85802 
. 71342] . 85810 
. 71355] . 85818 
. 71368} . 85826 
. 71381] . 85834 


. 7211419. 86269 
. 72127) . 86277 
. 72141] . 86284 
. 72154] . 86292 
. 72167] . 86300 


. 7289419. 86727)0. 73666)9. 
. 72907| . 86734) . 73679 
. 72920] . 86742) . 73692 
. 72932] . 86749) . 73704 
. 72945] . 86757) . 73717 


. 87183 
. 87190 
. 87198 
. 87205 


87175 


. 74431 
. 74444 
. 74456 
. 74469 
. 74482 


. 85366 
. 85374 
. 85382 
. 85390 
. 85398 


. 71394]9. 85841 
. 71407] . 85849 
. 71420] . 85857 
. 71434] . 85865 
. 71447] . 85873 


. 72180}9. 86307 
. 72193] . 86315 
. 72206] . 86323 
. 72219] . 86331 
. 72232] . 86338 


. 7295819. 86764\0. 73730)9. 
. 72971) . 86772) . 73743 
. 72984] . 86780] . 73756 
. 72997| . 86787) . 73768 
. 73010} . 86795) . 73781 


. 87220 
. 87227 
. 87235 
. 87242 


87212 


. 74494 
. 74507 
. 74520 
. 74533 
. 74545 


. 85406 
. 85414 
. 85422 
. 85430 


. 71460}9. 85881 
. 71473] . 85888 
. 71486] . 85896 
. 71499] . 85904 
. 71512] . 85912 


. 7224519. 86346 
. 72258} . 86354 
. 72271) . 86361 
. 72284) . 86369 
. 72297] . 86377 


. 73023]9. 86802)/0. 73794)9. 
. 73036] . 86810) . 73807 
. 73049] . 86817) . 73820 
. 73062] . 86825) . 73832 
. 73075] . 86832) . 73845 


. 87257 
. 87264 
. 87271 
. 87279 


87249 


. 74558 
. 74571 
. 74583 
. 74596 
. 74609 


. 71526]9. 85920 
. 71539] . 85928 
. 71552] . 85935 
. 71565] . 85943 
. 71578] . 85951 


. 7231019. 86384 
. 72323] . 86392 
. 72336] . 86400 
. 72349) . 86407 
. 72362) . 86415 


. 73087]9. 86840)0. 738589. 
. 73100} . 86847) . 73871 
. 73113] . 86855) . 73883 
. 73126] . 86862) . 73896 
. 73139] . 86870] . 73909 


. 87294 
. 87301 
. 87308 
. 87316 


87286 


. 74621 
. 74634 
. 74646 
. 74659 
. 74672 


. 71591]9. 85959 
. 71604] . 85967 
. 71617] . 85974 
. 71631] . 85982 
. 71644] . 85990 


. 72375)9. 86423 
. 72388} . 86430 
. 72401) . 86438 
. 72414] . 86446 
. 72427) . 86453 


. 73152)9. 86877)0. 73922)9. 
. 73165} . 86885) . 73935 
. 73178] . 86892) . 73947 
. 73191} . 86900] . 73960 
. 73203] . 86907) . 73973 


. 87330 
. 87338 
. 87345 
. 87352 


87323 


. 74684 
. 74697 
. 74710 
. 74722 
. 74735 


. 7165719. 85998 
. 71670} . 86006 
. 71683] . 86013 
. 71696] . 86021 
. 71709} . 86029 


. 7244019. 86461 
. 72453} . 86468 
. 72466] . 86476 
. 72479) . 86484 
. 72492) . 86491 


. 73216]9. 86915/0. 73986)9. 
. 73229) . 86922) . 73998 
. 73242) . 86930] . 74011 
. 73255) . 86937) . 74024 
. 73268} . 86945) . 74037 


. 87367 
. 87374 
. 87382 
. 87389 


87360 


. 74748 
. 74760 
. 747734 
. 74786 
. 74798 


. 71722)9. 86037 
. 71735) . 86045 
. 71748] . 86052 
. 71762] . 86060 
. 71775} . 86068 


. 72505}9. 86499 
. 72518) . 86507 
. 72531) . 86514 
. 72544) . 86522 
. 72557] . 86529 


. 73281}9. 86952/0. 7404919. 
. 73294] . 86960} . 74062 
. 73306] . 86967) . 74075 
. 73319} . 86975) . 74088 
. 73332] . 86982) . 74100 


. 87404 
. 87411 
. 87418 
. 87426 


87396 


. 74811 
. 74823 
. 74836 
. 74849 
. 74861 


. 71788]9. 86076 
. 71801] . 86083 
. 71814) . 86091 
. 71827) . 86099 
. 71840} . 86107 


. 7257019. 86537 
. 72583) . 86545 
. 72596] . 86552 
. 72609} . 86560 
. 72622] . 86568 


. 7334519. 86990\0. 74113)9. 
. 73358] . 86997) . 74126 
. 73371} . 87004) . 74139 
. 73384] . 87012) . 74151 
. 73396) . 87019) . 74164 


. 87440 
. 87448 
. 87455 
. 87462 


87433 


. T4874 
. 74887 
. 74899 
. 74912 
. 14924 


. 71853]9. 86114 
. 71866} . 86122 
. 71879} . 86130 
. 71892] . 86138 
. 71905} . 86145 


. 71919}9. 86153 


. 72635)9. 86575 
. 72648} . 86583 
. 72661} . 86590 
. 72674) . 86598 
. 72687) . 86606 
0. 72700/9. 86613 


. 7340919. 87027\0. 7417719. 
. 73422) . 87034) . 74190 
. 73435) . 87042) . 74202 
. 73448} . 87049) . 74215 
. 73461) . 87057) . 74228 
0. 734749. 87064/0. 74240)9. 


. 87477 
. 87484 
. 87492 
. 87499 


87470 


875060. 


. 74937 
. 74950 
. 74962 
. 74975 


74987 
75000 


OP NWHROUODNI00O 


243° 


242° 241° 


240° 
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TABLE 34 
Haversines 
120° 121° 122° paste 124° 
Log Hav | Nat. Hav} Log Hav | Nat. Hav} Log Hav | Nat. Hav] Log Hav | Nat. Hav Log Hav | Nat. Hav M 

0 | 9. 87506)0. 75000}9. 87939/0. 75752]9. 88364/0. 76496]9. 887800. 77232]9. 89187/0. 77960] 60 

1 . 87513) . 75013] . 87947) . 75764] . 88371) . 76508] . 88787] . 77244] . 89194] . 77972] 59 

2 . 87521) . 75025) . 87954) . 75777) . 88378] . 76521) . 88793] . 77256] . 89200] . 77984] 58 

3 . $7528] . 75038] . 87961] . 75789] . 88385] . 76533] . 88800] . 77269] . 89207] . 77996] 57 

4 - 87535] . 75050] . 87968) . 75802] . 88392] . 76545] . 88807] . 77281] . 89214] . 78008] 56 

5 | 9. 87543)0. 75063]9. 87975|0. 7581419. 88399/0. 76558]9. 8881410. 77293]9. 892210. 78020) 55 

6 . 87550) . 75076} . 87982) . 75827] . 88406] . 76570) . 88821) . 77305) . 89227] . 78032) 54 

7 . 87557] . 75088] . 87989] . 75839] . 88413] . 76582] . 88828] . 77317] . 89234] . 78044] 53 

8 . 87564) . 75101] . 87996) . 75852] . 88420] . 76595) . 88835] . 77329] . 89241] . 78056] 52 

9 . 87572] . 75113] . 88004) . 75864] . 88427] . 76607] . 88841] . 77342] . 89247] . 78068] 51 
10 | 9. 87579/0. 75126]9. 88011/0. 75876]9. 8843410. 76619]9. 88848/0. 7735419. 8925410. 78080] 50 
11 . 87586] . 75138] . 88018} . 75889] . 88441] . 76632] . 88855] . 77366] . 89261] . 78092] 49 
12 . 87593) . 75151] . 88025) . 75901] . 88448] . 76644] . 88862) . 77378] . 89267] . 78104] 48 
13 . 87601] . 75164] . 88032) . 75914] . 88455] . 76656] . 88869] . 77390] . 89274] . 78116] 47 
14 . 87608] . 75176] . 88039] . 75926] . 88462] . 76668] . 88876] . 77402] . 89281] . 78128] 46 
15 | 9. 87615)0. 75189]9. 88046/0. 75939]9. 88469|0. 76681]9. 88882)0. 77415}9. 89287|0. 78140] 45 
16 . 87623] . 75201] . 88053] . 75951] . 88476] . 76693] . 88889] . 77427] . 89294] . 78152] 44 
WG . 87630] . 75214] . 88061] . 75964] . 88483] . 76705) . 88896] . 77439] . 89301] . 78164] 43 
18 . 87637} . 75226] . 88068] . 75976] . 88490] . 76718] . 88903] . 77451] . 89308] . 78176] 42 
19 . 87644] . 75239] . 88075] . 75988] . 88496] . 76730] . 88910] . 77463] . 89314] . 78188] 41 
20 | 9. 87652)0. 75251]9. 88082,0. 76001]9. 88503/0. 76742]9. 88916\0. 77475]9. 893210. 78200] 40 
21 . 87659] . 75264] . 88089] . 76013] . 88510] . 76754] . 88923] . 77488] . 89328] . 78212] 39 
22 . 87666] . 75277] . 88096] . 76026] . 88517] . 76767] . 88930] . 77500] . 89334] . 78224] 38 
23 . 87673] . 75289] . 88103] . 76038] . 88524] . 76779] . 88937] . 77512] . 89341] . 78236] 37 
24 . 87680] . 75302] . 88110] . 76050] . 88531) . 76791} . 88944] . 77524] . 89348] . 78248] 36 
25 | 9. 8768810. 75314]9. 88117/0. 76063]9. 88538)/0. 768049. 88950,0. 77536]9. 89354|0. 78260] 35 
26 . 87695] . 75327] . 88124] . 76075] . 88545] . 76816] . 88957| . 77548] . 89361} . 78272] 34 
27 | . 87702] . 75339] . 88131] . 76088] . 88552] . 76828} . 88964] . 77560] . 89368] . 78284] 33 
28 . 87709] . 75352] . 88139] . 76100] . 88559] . 76840] . 88971] . 77573] . 89374] . 78296] 32 
29 . 87717) . 75364] . 88146] . 76113] . 88566] . 76853] . 88978] . 77585] . 89381] . 78308] 31 
30 | 9. 87724)0. 75377/9. 88153|0. 761259. 88573)0. 76865]9. 88984 0. 77597]9. 8938710. 78320] 30 
31 . 87731] . 75389] . 88160] . 76137] . 88580] . 76877] . 88991] . 77609] . 89394) . 78332} 29 
32 . 87738) . 75402] . 88167] . 76150] . 88587] . 76890] . 88998] . 77621] . 89400] . 78344] 28 
33 . 87745] . 75415} . 88174| . 76162] . 88594) . 76902] . 89005] . 77633] . 89407] . 78356] 27 
34 . 87753] . 75427] . 88181] . 76175] . 88600] . 76914] . 89012] . 77645] . 89414] . 78368] 26 
35 | 9. 87760\0. 75440}9. 88188/0. 76187]9. 88607\0. 7692619. 89018 0. 77657]9. 89421]0. 78380] 25 
36 . 87767| . 75452] . 88195] . 76199) . 88614] . 76939] . 89025] . 77670) . 89427] . 78392) 24 
37 . 87774) . 75465] . 88202] . 76212] . 88621! . 76951] . 89032) . 77682) . 89434) . 78404] 23 
38 . 87782) . 75477| . 88209] . 76224] . 88628] . 76963] . 89039] . 77694] . 89441] . 78416] 22 
39 . 87789] . 75490] . 88216] . 76236] . 88635] . 76975] . 89045] . 77706] . 89447) . 78428) 21 
40 | 9. 87796)0. 75502]9. 88223|0. 76249]9. 88642,0. 76988]9. 89052)0. 77718]9. 89454\0. 78440] 20 
41 . 87803} . 75515] . 88230] . 76261] . 88649] . 77000] . 89059] . 77730] . 89460] . 78452} 19 
42 . 87810) . 75527] . 88237| . 76274] . 88656] . 77012) . 89066] . 77742] . 89467] . 78464) 18 
43 . 87818] . 75540] . 88244! . 76286] . 88663) . 77024] . 89072] . 77754] . 89474] . 78476] 17 
44 . 87825] . 75552] . 88252) . 76298] . 88670] . 77036] . 89079] . 77766] . 89480] . 78488} 16 
45 | 9. 87832)0. 75565]9. 88259|0. 76311/9. 88677|0. 77049|9. 89086/0. 77779]9. 894870. 78500] 15 
46 . 87839] . 75577) . 88266] . 76323] . 88683] . 77061] . 89093} . 77791) . 89493) . 78512] 14 
47 . 87846] . 75590] . 88273] . 76335] . 88690! . 77073] . 89099] . 77803} . 89500) . 78524] 13 
48 . 87853| . 75602] . 88280] . 76348] . 88697) . 77085] . 89106] . 77815] . 89507) . 78536] 12 
49 . 87861) . 75615] . 88287] . 76360| . 88704) . 77098] . 89113] . 77827) . 89513) . 78548] 11 
50 | 9. 87868/0. 75627|9. 882940. 76373]9. 88711)0. 77110]9. 89120)0. 77839]9. 89520)/0. 78560} 10 
51 . 87875) . 75640} . 88301] . 76385] . 88718) . 77122] . 89126) . 77851] . 89527] . 78571] 9 
52 . 87882) . 75652] . 88308] . 76397] . 88725) . 77134] . 89133) . 77863] . 89533) . 78583] 8 
53 . 87889) . 75665] . 88315] . 76410] . 88732] . 77147| . 89140] . 77875] . 89540) . 78595) 7 
54 . 87896) . 75677| . 88322| . 76422] ; 88739] . 77159] . 89147] . 77887] . 89546) . 78607] 6 
55 | 9. 879040. 75690]9. 88329|0. 76434)9. 88745|0. 7717119. 891530. 77899]9. 895530. 78619) 5 
56 . 87911] . 75702) . 88336] . 76447] . 88752] . 77183] . 89160] . 77911) . 89559) . 78631) 4 
yf . 87918] . 75714] . 88343] . 76459] . 88759] . 77195) . 89167] . 77923] . 89566] . 78643] 3 
58 . 87925) . 75727] . 88350) . 76471] . 88766) . 77208] . 89174] . 77936] . 89573) . 78655) 2 
59 . 87932) . 75739] . 88357| . 76484] . 88773] . 77220] . 89180} . 77948] . 89579] . 78667] 1 
60 | 9. 87939,0. 75752]9. 88364/0. 76496]9. 88780|0. 77232]9. 89187|0. 77960]9. 89586/0. 78679} 0 

239° 238° 237° 236° 235° 
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TABLE 34 


Haversines 


125° 126° 127° 128° 129° 


~ 


Log Hav | Nat. Hav} Log Hav | Nat. Hav} Log Hav | Nat. Hav] Log Hav | Nat. Hav} Log Hav | Nat. Hav 


9. 89586|0. 78679]9. 89976)0. 79389]9. 90358/0. 80091}9. 907320. 80783}9. 91098)0. 81466 
. 89592) . : . 79401} . 90365} . 830102) . 90738) . 80795] . 91104) . 81477 
OOOO la : . 79413] . 90371} . 80114] . 90744) . 80806} . 91110} . 81489 
. 89606] . : . 79425) . 90377| . 80126] . 90751) . 80817} . 91116) . 81500 
. 89612} . : . 79436] . 90383} . 80137] . 90757) . 80829] . 91122) . 81511 


. 89619)0. } . 79448}9. 90390)0. 80149]9. 90763/0. 80840]9. 91128)0. 81523 
. 89625) . ; . 79460} . 90396} . 80160} . 90769) . 80852] . 91134) . 81534 
. 89632) . ‘ . 79472] . 90402) . 80172) . 90775) . 80863] . 91140) . 81545 
. 89638] . : . 79483] . 90409) . 80184] . 90781) . 80875} . 91146) . 81556 
. 89645) . : . 79495} . 90415) . 80195] . 90787) . 80886] . 91152) . 81568 


. 89651)0. b . 79507]9. 9042110. 80207]9. 90794/0. 80898]9. 91158/0. 81579 
. 89658} . ‘ . 79519] . 90428) . 80218] . 90800} . 80909] . 91164) . 81590 
. 89665) . : . 79530] . 90434) . 80230] . 90806; . 80920} . 91170) . 81601 
. 89671} . é . 79542) . 90440} . 80242] . 90812) . 80932] . 91176} . 81613 
. 89678) . : . 79554] . 90446) . 80253] . 90818) . 80943] . 91182) . 81624 


. 89684)0. F . 795659. 90452)0. 802659. 90824/0. 80955)9. 91188/0. 81635 
. 89691) . : . 79577] . 90459] . 80276] . 90830) . 80966) . 91194) . 81647 
StOei|| é . 79589} . 90465} . 80288] . 90836; . 80978] . 91200} . 81658 
. 89704 . : . 79601] . 90471) . 80299] . 90843} . 80989] . 91206] . 81669 
OO MLO ‘ . 79612] . 90478) . 80311] . 90849) . 81000} . 91212) . 81680 


. 89717)0. ; . 7962419. 90484/0. 80323]9. 90855/0. 81012/9. 91218/0. 81692 
. 89723) . : . 79636} . 90490) . 80334] . 90861} . 81023} . 91224) . 831703 
. 89730) . : . 79648} . 90496) . 80346] . 90867] . 81035} . 91230) . 81714 
. 89736) . é . 79659} . 90503} . 80357) . 90873) . 81046] . 91236) . 81725 
. 89743) . ; . 79671} . 90509) . 80369] . 90879} . 81057] . 91242) . 81737 


. 89749)0. ; . 79683]9. 90515}0. 80380]9. 90885]/0. 81069]9. 91248)0. 81748 
. 89756) . : . 79694] . 90521) . 80392] . 90892} . 81080) . 91254) . 81759 
. 89763) . : . 79706} . 90527) . 80403] . 90898} . 81092} . 91260} . 81770 
. 89769) . : . 79718} . 90534} . 80415) . 90904; . 81103] . 91265) . 81781 
OU Ol he : . 79729) . 90540} . 80427] . 90910) . 81114] . 91271) . 81793 


. 89782)0. k 0. 79741}9. 90546/0. 80438/9. 90916]0. 81126]9. 91277/0. 81804 
. 89789) . . 90175) . 79753] . 90552) . 80450} . 90922) . 81137] . 91283} . 81815 
OOOO . 90181) . 79765] . 90559} . 80461] . 90928) . 81148] . 91289} . 81826 
. 89802) . . 90187) . 79776} . 90565} . 80473] . 90934] . 81160] . 91295] . 81838 
. 89808) . . 90194) . 79788] . 90571) . 80484] . 90940) . 81171) . 91301} . 81849 


. 89815)0. . 90200]0. 79800}9. 90577|0. 80496]9. 90946/0. 81183]9. 91307/0. 81860 
atelevall) « . 90206) . 79811] . 90584! . 80507) . 90952) . 81194) . 91313) . 81871 
. 89828) . . 90213) . 79823} . 90590) . 80519] . 90958) . 81205] . 91319) . 81882 
. 89834) . . 90219) . 79835} . 90596) . 80530] . 90965) . 81217] . 91325) . 81894 
. 89840) . | . 90225) . 79846] . 90602) . 80542) . 90971) . 81228] . 91331} . 81905 


. 89847)0. . 90232)0. 79858]9. 906080. 80553}9. 90977|0. 81239]9. 91337)/0. 81916 
. 89853) . . 90238] . 79870) . 90615] . 80565] . 90983} . 81251) . 91343} . 81927 
. 89860) . . 90244) . 79881] . 90621) . 80576} . 90989, . 81262] . 91349) . 81938 
. 89866] . . 90251] . 79893} . 90627] . 80588] . 90995] . 81273] . 91355) . 81950 
. 89873] . . 90257} . 79905] . 90633] . 80599} . 91001] . 81285] . 91361) . 81961 


. 89879)0. 90264/0. 79916]9. 90639]0. 80611}9. 91007|0. 81296}9. 91367)0. 81972 
. 89886] . . 90270] . 79928] . 90646] . 80622] . 91013} . 81308] . 91372) . 81983 
. 89892) . . 90276] . 79940) . 90652) . 80634] . 91019} . 81319] . 91378) . 81994 
89899) . . 90282) . 79951] . 90658} . 80645) . 91025] . 81330) . 91384) . 82005 
. 89905] . . 90289) . 79963] . 90664) . 80657] . 91031} . 81342) . 91390) . 82017 


. 89912)0. . 90295)0. 79974]9. 90670/0. 80668]9. 91037|0. 81353]9. 91396)0. 82028 
. 89918) . . 90301) . 79986] . 90676} . 80680} . 91043] . 81364] . 91402) . 82039 
ED . 90308) . 79998] . 90683} . 80691} . 91049} . 81376] . 91408) . 82050 
. 89931! . . 90314} . 80009] . 90689) . 80703] . 91055} . 81387] . 91414} . 82061 
. 89938} . . 90320] . 80021} . 90695] . 80714] . 91061] . 81398] . 91420) . 82072 


. 8994410. 79330]9. 903270. 80033}9. 907010. 80726}9. 910670. 81409]9. 91426/0. 82084 
. 89950} . . 90333} . 80044] . 90707] . 80737] . 91074| . 81421] . 91432) . 82095 
+ OTA TE . 90339] . 80056] . 90714] . 80749] . 91080} . 81432] . 91437) . 82106 
. 89963} . . 90346] . 80068] . 90720) . 80760] . 91086) . 81443] . 91443) . 82117 
. 89970 . . 90352] . 80079} . 90726] . 80772] . 91092) . 81455] . 91449] . 82128 
. 89976)0. . 90358/0. 80091}9. 90732|0. 80783]9. 91098/0. 81466]9. 91455]0. 82139 


OWONAAPWNrH © 


OrPNWROUDNOCO 


234° 233° 232° 231° 230° 
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TABLE 34 


Haversines 


130° 131° 132° 133° 


~ 


Log Hav | Nat. Hav| Log Hav | Nat. Hav | Log Hav | Nat. Hav| Log Hav 


9. 91455 /0. 82139]9. 91805|0. 8280319. 92146|0, 83457/9. 92480 


. 91461 
. 91467 
. 91473 
. 91479 


. 82151 
. 82162) 
. 82173 
. 82184 


. 91810 
. 91816 
. 91822 
. 91828 


. 82814 
. 82825 
. 82836 
. 82847 


. 92152 
. 92157 
. 92163 
. 92169 


. 83467 
. 83478 
. 83489 
. 83500 


. 92485) . 
. 92491) . 
. 92496) . 
. 92502) . 


COONAO)PWNHrO' 


. 91485 
. 91490 
. 91496 
. 91502 
. 91508 


. 82195)9. 
. 82206 
. 82217 
. 82228 
. 82240 


91833 


. 91839 
. 91845 
. 91851 
. 91856 


. 828589. 
. 82869 
. 82880 
. 82891 
. 82902 


92174 


. 92180 
. 92185 
. 92191 
. 92197 


0. 83511]9. 
. 83521 
. 83532 
. 83543 
. 83554 


92507)0. 


. 92512) . 
. 92518) . 
. 92523) . 
. 92529) . 


. 91514 
. 91520 
. 91526 
. 91532 
. 91537 


. 82251)9. 
. 82262 
. 82273 
. 82284 
. 82295 


91862 


. 91868 
. 91874 
. 91879 
. 91885 


. 82913)9. 
. 82924 
. 82934 
. 82945 
. 82956 


92202 


. 92208 
. 92213 
. 92219 
. 92225 


0. 83564]9. 
. 83575 
. 83586 
. 83597 
. 83608 


92534)0. 


. 92540) . 
. 92545) . 
. 92551) . 
. 92556) . 


92869] . 
92875) . 
; 92880) . 


. 91543)0. 
. 91549 
. 91555 
. 91561 
. 91567 


. 82317 
. 82328 
. 82339 
. 82351 


82306]9. 


91891 


. 91896 
. 91902 
. 91908 


. 91914 


. 8296719. 
. 82978 
. 82989 
. 83000 
. 83011 


92230 


. 92236 
. 92241 
. 92247 
. 92253 


0. 83618]9. 
. 83629 
. 83640 
. 88651 
. 83661 


92562)0. 


. 92567] . 
. 92573) . 
. 92578} . 
. 92584) - 


. 92885)0. 
. 92891) . 
. 92896) . 
. 92901) . 
. 92907) . 


. 91573)0. 
. 91578 
. 91584 
. 91590 
. 91596 
. 91602 
. 91608 
. 91613 
. 91619 
. 91625 


. 82373 
. 82384 
. 82395 
. 82406 
. 82417)9. 
. 82428 
. 82439 
. 82450 
. 82461 


8236219. 


91919 


. 91925 
. 91931 
. 91936 
. 91942 


91948 


. 91954) . 
OOS 
. 91965) . 
. 91971 


0. 83022)9. 
. 83033 
. 83044 
. 83055 
. 83066 


0. 830779. 


92258 


. 92264 
. 92269 
. 92275 
. 92280 


0. 83672)9. 
. 83683 
. 88694 
. 83704 
. 83715 


92589)0. 


. 92594) . 
. 92600] . 
. 92605] . 
. 92611 


. 9291210. 
SPAS 
. 92923) . 
. 92928) . 
. 92933 


92286 


. 92292 
. 92297 
. 92303 


. 92308 


. 91631 
. 91637 
. 91643 
. 91648 
. 91654 


. 82472)9. 
. 82483 
. 82495 
. 82506 
. 82517 


91976 


. 91982 
. 91988 
. 91993 
. 91999 


. 83131]9. 
. 83142 
. 83153) 
. 83164 
. 83175) 


92314 


. 92319 
. 92325 
. 92330 
. 92336 


0. 83726)9. 
. 83737 
. 83747 
. 83758 
. 83769 


92616)0. 


. 92622) . 
. 92627] . 
. 92633) . 
. 92638) . 


0. 83780)9. 
. 83790 
. 83801 
. 83812 
. 83822 


92643)0. 


. 92649} . 
. 92654] . 
. 92660} . 
. 92665] . 


. 92939)0. 
. 92944) . 
. 92949] . 
. 92955] . 
. 92960} . 


. 92965)0. 


. 92970) . 
mO297 0% 
. 92981] . 
. 92986] . 


. 91660 
. 91666) . 
. 91672) . 
NOLO MA 
. 91683) . 


. 8252819. 


92005 


. 92010 
. 92016 
. 92022 
. 92027 


. 83185)9. 
. 83196 
. 83207 
. 83218 
. 83229 


92342 


. 92347 
. 92353 
. 92358 
. 92364 


0. 8383319. 
. 83844 
. 83855 
. 83865 
. 83876 


92670,0. 


. 92676] . 
. 92681) . 
. 92687] . 
. 92692] . 


. 92992)0. 
. 92997] . 
. 93002) . 
. 93007) . 
. 93013} . 


. 91689 
. 91695 
. 91701 
. 91706 
. 91712 


. 82583)9. 
. 82594 
. 82605 
. 82616 
. 82627 


92033 


. 92039 
. 92044 
. 92050 
. 92056 


. 8324019. 
. 83251 
. 83262 
. 83272 
. 83283 


92369 


. 92375 
. 92380 
. 92386 
. 92391 


. 83887)9. 
. 83897 
. 83908 
. 83919 
. 83929 


92698)0. 


. 92703) . 
. 92708} . 
. 92714) . 
. 92719] . 


. 93018). 
. 93023) . 
. 93029 . 
. 93034) . 
. 93039] . 


. 917180. 
. 91724 
. 91730 
. 91735 
. 91741 


. 82649 
. 82660) 
. 82671 
. 82682 


82638)9. 


92061 


. 92067 
. 92073 
. 92078 
. 92084 


. 8329419. 
. 838305 
. 83316 
. 83327 
. 83337 


92397 


. 92402 
. 92408 
. 92413 
. 92419 


. 83940)9. 
. 83951 
. 83961 
. 83972 
. 83983 


92725]/0. 


. 92730) . 
. 92735) . 
. 92741) . 
. 92746] . 


93044)0. 
. 93050) . 
. 93055} . 
. 93060} . 
. 93065] . 


. 91747 
. 91753 
. 91758 
. 91764 
. 91770 


. $2693)9. 
. 82704 
. 82715) 
. 82726 
. 82737 


92090 


. 92095 
. 92101 
. 92107 
. 92112 


. 83348]9. 
. 83359 
. 83370 
. 83381 
. 83392 


92425 


. 92430 
. 92436 
. 92441 
. 92447 


. 83993)9. 
. 84004 
. 84015 
. 84025 
. 84036) 


. 92757) . 
. 92762) . 
. 92768) . 
. 92773) . 


92751 


93071)0. 
. 93076) . 
. 93081) . 
. 93086) . 
. 93092) . 


. 91776 
. 91782 
. 91787 
. 91793 
HO1799) 
. 91805)0. 


. 82748}9. 
. 82759 
. 82770 
. 82781 
. 82792 


82803]9. 


92118 


. 92124 
. 92129 
. 92135 
. 92140 


92146 


. 83402)9. 
. 83413 
. 83424 
. 83435 
. 83446 
0. 83457]9. 


92452 


. 92458 
. 92463 
. 92469 
. 92474 


92480 


. 84047)9. 
. 84057 
. 84068 
. 84079 
. 84089 
0. 84100)9. 


92778)0. 


. 92784) . 
. 92789) . 
5 UPAR) = 
. 92800) . 
92805)0. 84733]9. 93123)0. 85355 


. 93097/0. 
. 93102} . 
. 93107] . 
. 93113) . 
. 93118) . 


SOrPNWKHOYUDNOO 


229° 


228° 


227° 


226° 


225° 
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135° 


136° 


TABLE 34 


Haversines 


137° 


138° 


139° 


c Log Hav | Nat. Hav} Log Hav | Nat. Hav] Log Hav | Nat. Hav] Log Hav | Nat. Hav} Log Hav | Nat. Hav ¢ 
0 | 9. 93123/0. 85355]9. 93433]0. 85967]9. 93736|0. 86568]9. 94030)0. 87157]9. 94318)0. 87735] 60 
1 . 93128] . 85366] . 93438] . 85977] . 93741] . 86578] . 94035) . 87167] . 94322) . 87745) 59 
2 . 93134] . 85376] . 93443 - 85987 . 93746| . 86588] . 94040) . 87177] . 94327] . 87755} 58 
3 . 93139) . 85386] . 93448] . 85997] . 93751] . 86597] . 94045) . 87186] . 94332) . 87764) 57 
4 . 93144] . 85396] . 93454) . 86007] . 93755] . 86607) . 94050} . 87196] . 94336) . 87774] 56 
5 | 9. 93149/0. 85407]9. 93459/0. 86017|9. 93760/0. 86617}9. 94055/0. 87206}9. 94341/0. 87783] 55 
6 . 93154] . 85417] . 93464) . 86028] . 93765] . 86627] . 94059) . 87216] . 94346) . 87793] 54 
G . 93160] . 85427] . 93469] . 86038} . 93770) . 86637] . 94064] . 87225] . 94351) . 87802] 53 
8 . 93165] . 85438] . 93474] . 86048] . 93775] . 86647] . 94069) . 87235] . 94355) . 87812] 52 
9 . 93170] . 85448] . 93479] . 86058] . 93780] . 86657] . 94074] . 87245} . 94360) . 87821] 51 
10 | 9. 93175)0. 85458]9. 93484/0. 86068]9. 93785|0. 86667]9. 94079/0. 8725419. 94365/0. 87831} 50 
11 . 93181] . 85468] . 93489] . 86078] . 93790) . 86677] . 94084) . 87264) . 94369} . 87840} 49 
12 . 93186] . 85479] . 93494! . 86088] . 93795] . 86686] . 94088) . 87274} . 94374) . 87850) 48 
13 . 93191] . 85489] . 93499] . 86098] . 93800) . 86696] . 94093) . 87283] . 94379] . 87859} 47 
14 . 93196] . 85499] . 93504] . 86108] . 93805) . 86706] . 94098) . 87293] . 94383) . 87869} 46 
15 | 9. 93201/0. 85509]9. 93509/0. 86118]9. 93810|0. 86716]9. 94103/0. 87303]9. 94388)0. 87878] 45 
16 . 93207) . 85520] . 93515] . 86128] . 93815] . 86726} . 94108) . 87313] . 94393] . 87888] 44 
17 . 93212) . 85530] . 93520} . 86138] . 93820] . 86736] . 94112) . 87322] . 94398) . 87897) 43 
18 . 93217) . 85540] . 93525] . 86148] . 93825) . 86746] . 94117) . 87332] . 94402) . 87907) 42 
19 . 93222) . 85550] . 93530] . 86158] . 93830] . 86756] . 94122) . 87342] . 94407] . 87916) 41 
20 | 9. 93227/0. 85560]9. 93535]/0. 86168]9. 93835]0. 86765]9. 94127/0. 87351}9. 94412/0. 87926] 40 
Zi . 93232) . 85571] . 93540] . 86178] . 93840] . 86775] . 94132) . 87361] . 94416) . 87935] 39 
22 . 93238) . 85581] . 93545] . 86189] . 93845] . 86785] . 94137] . 87371] . 94421] . 87945] 38 
23 . 93243] . 85591] . 93550] . 86199] . 93849] . 86795] . 94141} . 87380] . 94426] . 87954] 37 
24 . 93248] . 85601] . 93555] . 86209] . 93854] . 86805] . 94146] . 87390] . 94430} . 87964] 36 
25 | 9. 93253/0. 85612/9. 93560/0. 86219]9. 93859/0. 86815}]9. 94151/0. 87400}9. 94435]/0. 87973] 35 
26 . 93258] . 85622] . 93565) . 86229] . 93864! . 86825] . 94156) . 87409] . 94440) . 87982) 34 
IH . 93264] . 85632] . 93570] . 86239] . 93869] . 86834] . 94161) . 87419] . 94444) . 87992) 33 
28 . 93269] . 85642] . 93575] . 86249] . 93874) . 86844] . 94165] . 87429] . 94449) . 88001] 32 
29 . 93274| . 85652] . 93580) . 86259] . 93879] . 86854] . 94170] . 87438] . 94454) . 88011} 31 
30 | 9. 93279/0. 856639. 93585/0. 86269]9. 93884)/0. 8686419. 94175]0. 87448]9. 94458]0. 88020] 30 
Sil . 93284] . 85673} . 93590] . 86279] . 93889] . 86874] . 94180] . 87457] . 94463] . 88030} 29 
32 . 93289) . 85683] . 93595) . 86289] . 93894] . 86884] . 94184] . 87467] . 94468] . 88039] 28 
33 . 93295) . 85693] . 93600) . 86299} . 93899] . 86893) . 94189] . 87477] . 94472) . 88049} 27 
34 . 93300) . 85703] . 93605) . 86309] . 93904] . 86903] . 94194] . 87486] . 94477] . 88058} 26 
35 | 9. 933050. 85713]9. 93611/0, 86319]9. 93908)0. 86913]9. 94199/0. 87496]9. 94482/0. 88067] 25 
36 . 93310] . 85724] . 93616) . 86329] . 93913] . 86923] . 94204) . 87506] . 94486) . 88077] 24 
37 . 93315] . 857341 . 93621) . 86339] . 93918) . 86933] . 94208] . 87515] . 94491] . 88086} 23 
38 . 93320] . 857441 . 93626] . 86349] . 93923) . 86942) . 94213) . 87525] . 94496) . 88096] 22 
39 . 93326] . 85754] . 93631) . 86359] . 93928] . 86952] . 94218) . 87534] . 94500] . 88105] 21 
40 | 9. 93331/0. 85764]9. 93636)/0. 86369]9. 93933]0. 86962]9. 94223/0. 8754419. 94505/0. 88115] 20 
41 . 93336] . 85774) . 93641] . 86379] . 93938) . 86972) . 94227) . 87554] . 94509) . 88124] 19 
42 . 93341] . 85785] . 93646} . 86389] . 93943] . 86982] . 94232) . 87563] . 94514) . 88133] 18 
43 Pes . 85795] . 93651] . 86399] . 93948) . 86991] . 94237) . 87573] . 94519) . 88143] 17 
44 . 93656] . 86409] . 93952) . 87001] . 94242) . 87582) . 94523) . 88152) 16 
45 . 93661)0. 86419]9. 93957/0. 87011}9. 94246/0. 87592]9. 94528/0. 88162} 15 
46 . 93666) . 86429] . 93962) . 87021] . 94251! . 87602) . 94533) . 88171} 14 
47 . 93671) . 86438] . 93967) . 87030] . 94256] . 87611] . 94537) . 88180} 13 
48 . 93676) . 86448] . 93972) . 87040} . 94261) . 87621] . 94542) . 88190) 12 
49 . 93681) . 86458] . 93977) . 87050] . 94265) . 87630] . 94546) . 88199} 11 
50 . 93686)0. 86468]9. 93982/0. 87060]9. 94270/0. 87640]9. 94551)0. 88209} 10 
dl . 93691) . 86478] . 93987] . 87070] . 94275) . 87649] . 94556) . 88218] 9 
52 . 93696) . 86488] . 93991) . 87079] . 94280] . 87659) . 94560) . 88227] 8 
53 . 93701] . 86498] . 93996) . 87089] . 94284) . 87669] . 94565) . 88237] 7 
54 . 93706] . 86508] . 94001] . 87099] . 94289] . 87678] . 94570} . 88246] 6 
55 9. 93711/0. 86518]9. 94006/0. 87109]9. 94294/0. 87688]9. 94574/0. 88255) 5 
56 . 93716] . 86528] . 94011] . 87118] . 94299] . 87697] . 94579] . 88265) 4 
57 7| . 93721) . 86538} . 94016] . 87128] . 94303] . 87707) . 94583] . 88274] 3 
58 7) . 93726) . 86548] . 94021) . 87138] . 94308] . 87716] . 94588] . 88284] 2 
59 7| . 93731] . 86558] . 94026] . 87148] . 94313] . 87726] . 94593) . 88293] 1 
60 719. 93736\0. 86568)9. 94030)0. 87157)9. 94318\0. 87735]9. 94597 ‘ 0 


223° 


222° 


221° 


140° 


141° 
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142° 


143° 


144° 


Log Hav 


Nat. Hav] Log Hav 


Nat. Hav | Log Hav 


Nat. Hav} Log Hav 


Nat. Hav] Log Hav 
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9. 94597 


. 94602! . 
. 94606) . 


. 94611 


94616] . 


0. 88302/9. 94869 
. 94874 
e 94878 


. 94887 


0. 88857]9. 95134 


. 88866] . 95138} . 89409 


. 88876} . 95143 
. 88885] . 95147 
. 88894] . 95151 


0. 89401]9. 95391 
- 95396 
. 89418} . 95400 
. 89427] . 95404 
. 89436} . 95408 


0. 89932)9. 
. 89941 
. 89949 
. 89958 
. 89967 


. 95645) . 
. 95649) . 
. 95654) . 
. 95658) . 


95641 


. 94620)0. 
. 94625) . 
. 94629) . 
. 94634) . 
. 94638) . 


9. 94892 
. 94896 
. 94901 
. 94905 
. 94909 


0. 88903}9. 95156 
. 88912] . 95160 
. 88921] . 95164 
. 88930] . 95169 
. 88940] . 95173 


. 89445]9. 95412 
. 89454) . 95417 
. 89463] . 95421 
. 89472] . 95425 
. 89481} . 95429 


. 8997519. 
. 89984 
. 89993 
. 90002 
. 90010 


95662)0. 


- 95666) . 
. 95670} . 
. 95674) . 
. 95678) . 


. 94643)0. 
. 94648) . 
. 94652) . 
. 94657) . 


. 94661 


. 94914 
. 94918 
. 94923 
. 94927 
. 94932 


0. 88949}9. 95177 
. 88958] . 95182 
. 88967} . 95186 
. 88976} . 95190 
. 88985] . 95195 


. 89490]9. 95433 
. 89499} . 95438 
. 89508} . 95442 
. 89517] . 95446 
. 89526} . 95450 


. 900199. 
. 90028 
. 90037 
. 90045 
. 90054 


95682)0. 


. 95686) . 
. 95690] . 
. 95694] . 
. 95699] . 


. 94666 0. 
. 94670) . 
. 94675) . 
. 94680) . 
. 94684! . 


. 94936 
. 94941 
. 94945 
. 94950 
. 94954 


0. 88994/9. 95199 
. 89003} . 95203 
. 89012] . 95208 
. 89022} . 95212 
. 89031} . 95216 


. 89534)9. 95454 
. 89543] . 95459 
. 89552] . 95463 
. 89561] . 95467 
. 89570] . 95471 


. 90063]9. 
. 90071 
. 90080 
. 90089 
. 90097 


95703)0. 


. 95707) . 
P9OCLL 
. 95715) . 
. 95719) . 


. 94689)0. 
. 94693} . 
. 94698) . 
. 94702) . 
. 94707) . 


. 94958 
. 94963 
: 94967 
. 94972 
. 94976 


0. 89040}9. 95221 
. 89049] . 95225 
. 89058] . 95229 
. 89067] . 95234 
. 89076] . 95238 


. 8957919. 95475 
. 89588] . 95480 
. 89597) . 95484 
. 89606] . 95488 
. 89614] . 95492 


. 90106)9. 
. 90115 
. 90124 
. 90132 
. 90141 


95723)0. 


. 95727) . 
. 95731) . 
. 95735) . 
. 95739) . 


. 9471110. 
. 94716) . 


. 94721 


| 94725) . 
| 94730] . 


. 94981 
. 94985 
. 94989 
. 94994 
. 94998 


0. 89085}9. 95242 
. 89094] . 95246 
. 89103] . 95251 
. 89112] . 95255 
. 89121} . 95259 


. 947340. 
. 94739] . 
. 94743} . 
. 94748} . 
. 94752) . 


. 95003 
. 95007 
. 95011 
. 95016 
. 95020 


. 89623]9. 95496 
. 89632] . 95501 
. 89641} . 95505 
. 89650} . 95509 
. 89659] . 95513 


. 90150)9. 
. 90158 
. 90167 
. 90176 
. 90184 


95743)0. 


. 95747) . 
. 95751) . 
. 95755) . 
. 95759) . 


0. 89130|9. 95264 
. 89139) . 95268 
. 89149] . 95272 
. 89158] . 95276 
. 89167] . 95281 


. 89668]9. 95517 
. 89677| . 95521 
. 89685] . 95526 
. 89694} . 95530 
. 89703] . 95534 


. 90193)9. 
. 90201 
. 90210 
. 90219 
. 90227 


95763)0. 


. 95768) . 
Se OUPAL 5 
. 95776) . 
. 95780] . 


. 94757/0. 


. 95025 
. 95029 
. 95033 
. 95038 
. 95042 


0. 89176}9. 95285 
. 89185} . 95289 
. 89194} . 95294 
. 89203] . 95298 
. 89212] . 95302 


. 8971219. 95538 
. 89721] . 95542 
. 89730] . 95546 
. 89738] . 95550 
. 89747) . 95555 


. 90236]9. 
. 90245 
. 90253 
. 90262 
. 90271 


957840. 


. 95788) . 
. 95792) . 
5 iA 
. 95800} . 


. 95047 
. 95051 
. 95055 
. 95060 
. 95064 


0. 89221/9. 95306 
. 89230] . 95311 
. 89239] . 95315 
. 89248} . 95319 
. 89257) . 95323 


. 897569. 95559 
. 89765] . 95563 
. 89774) . 95567 
. 89782} . 95571 
. 89791] . 95575 


. 90279]9. 
. 90288 
. 90296 
. 90305 
. 90314 


95804)0. 


. 95808} . 
. 95812) . 
. 95816) . 
. 95820) . 


. 95069 
. 95073 
. 95077 
. 95082 
. 95086 


0. 892669. 95328 
. 89275] . 95332 
. 89284) . 95336 
. 89293} . 95340 
. 89302) . 95345 


. 89800]9. 95579 
. 89809] . 95584 
. 89818] . 95588 
. 89826] . 95592 
. 89835] . 95596 


. 90322]9. 
. 90331 
. 90339 
. 90348 
. 90357 


958240. 


. 95828) . 
. 95832) . 
. 95836) . 
. 95840} . 


. 95090 
. 95095 
. 95099 
. 95104 
. 95108 


0. 89311}9. 95349 
. 89320} . 95353 
. 89329] . 95357 
. 89338] . 95362 
. 89347] . 95366 


. 95112 
. 95117 
. 95121 
. 95125 
. 95130 
95134 


0. 89356]9. 95370 
. 89365} . 95374 
. 89374) . 95379 
. 89383] . 95383 
. 89392] . 95387 

0. 89401}9. 95391 


. 89844)9. 95600 
. 89853} . 95604 
. 89862] . 95608 
. 89870] . 95613 
. 89879} . 95617 


. 90365)9. 
. 90374 
. 90382 
. 90391 
. 90399 


95844)0. 


. 95848) . 
. 95852) . 
. 95856) . 
. 95860} . 


0. 89888]9. 95621 
. 89897] . 95625 
. 89906] . 95629 
. 89914] . 95633 
. 89923] . 95637 

0. 89932}9. 95641 


. 90408)9. 
. 90417 
. 90425 
. 90434 
. 90442 
0. 90451]9. 


95864/0. 


. 95868} . 
. 95872) . 
. 95876) . 
. 95880) . § 


95884)0. 90958 


218° 


217° 


216° 


215° 


lors £0 oh oKas) 


onto 


| 
| 
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145° 


TABLE 34 


146° 


Haversines 


147° 


148° 


149° 


Log Hav | Nat. Hav 


Log Hav | Nat. Hav} Log Hav 


Nat. Hav] Log Hav 


Log Hav | Nat. Hav 


0 | 9. 95884/0. 9095819. 96119]0. 9145219. 96347|0. 91934]9. 96568)0. 92402]9. 96782)0. 60 
1] . 95888} . . 96123] . 91460] . 96351] . 91941] . 96572! . . 96786] . 59 
2| . 95892) . . 96127] . 91468] . 96355] . 91949] . 96576) . . 96789) . 58 
3] . 95896] . . 96131] . 91476] . 96359] . 91957] . 96579] . . 96793} . 57 
4 | . 95900] . . 96135] . 91484] . 96362] . 91965] . 96583} . . 96796) . 56 
5 | 9. 959040. . 961390. 91493]9. 963660. 91973]9. 96586)0. . 968000. 55 
6 | . 95908) . . 96142] . 91501] . 96370] . 91981} . 96590] . . 96803) . 54 
7 | .95912| . . 96146] . 91509] . 96374] . 91989] . 96594] . . 96807] . 53 
8 | . 95916} . 96150] . 91517] . 96377] . 91997] . 96597] . . 96810} . 52 
9] .95920| . . 96154] . 91525] . 96381] . 92005] . 96601 . 96814} . 51 
10 | 9. 959240. - 96158|0. 91533]9. 96385|0. 9201319. 966040. . 96817)0. 50 
11} . 95928) . . 96162| . 91541] . 96388] . 92020] . 96608] . . 96821] . 49 
12] . 95932) . 96165] . 91549] . 96392] . 92028] . 96612] . - 96824] . 48 
13 | . 95936] . . 96169] . 91557] . 96396] . 92036] . 96615] . - 96827] . 47 
14 | . 95939) . 96173] . 91565] . 96400] . 92044! . 96619] . . 96831 46 
15 | 9. 95943)0. . 96177|0. 91573]9. 96403)0. 9205219. 96622)0. - 968340. 45 
16] . 95947] . 96181] . 91582] . 96407| . 92060] . 96626] . - 96837| . 44 
17} . 95951] . - 96185] . 91590] . 96411] . 92068] . 96630] . . 96841 43 
18] . 95955) . . 96188] . 91598] . 96414] . 92076] . 96633} . . 96845] . 42 
19 | . 95959) . . 96192) . 91606] . 96418) . 92083] . 96637) . . 96848) . 41 
20 | 9. 95963)0. - 96196)0. 9161419. 964220. 9209119. 966400. _ 968520. 40 
21 | . 95967] . - 96200] . 91622} . 96426] . 92099] . 96644] . . 96855] . 39 
22 | .95971| . - 96204] . 91630] . 96429] . 92107] . 96648) . . 96859] . 38 
23 | . 95975] . . 96208| . 91638] . 96433] . 92115] . 96651] . - 96862] . 37 
24 | . 95979] . . 96211] . 91646] . 96437| . 92123] . 96655] . . 96866) . 36 
25 | 9. 95983)0. . 96215|0. 9165419. 96440|0. 921309. 96658)0. . 96869)0. 35 
26 | . 95987| . . 96219] . 91662] . 96444] . 92138] . 96662] . . 96873} . 34 
27 | . 95991] . . 96223] . 91670] . 96448] . 92146] . 96665] . . 96876} . 33 
28 | . 95995] . . 96227| . 91678] . 96451| . 92154] . 96669) . . 96879 . 32 
29 | . 95999] . . 96230| . 91686] . 96455] . 92162] . 96673) . . 96883] . 31 
30 | 9. 96002/0. . 96234|0. 916949. 96459|0. 921709. 96676)0. . 968860. 30 
31 | . 96006] . . 96238] . 91702] . 96462] . 92177] . 96680] . . 96890] . 29 
32 | . 96010] . . 96242] . 91710] . 96466] . 92185] . 96683] . . 96894] . 28 
33 | . 96014] . . 96246] . 91718] . 96470| . 92193] . 96687] . . 96897! . 27 
34] . 96018] . . 96249] . 91726] . 96473] . 92201] . 96690] . . 96900] . 26 
35 | 9. 96022)0. - 96253/0. 91734]9. 96477|0. 92209]9. 966940. . 96904)0. 25 
36 | . 96026] . . 96257| . 91742] . 96481| . 92216] . 96697] . - 96907] . 24 
37 | . 96030] . _ 96261| . 91750] . 96484| . 92224] . 96701) . . 96910} . 23 
38 | . 96034] . . 96265| . 91758] . 96488| . 92232] . 96705] . . 96914] . 22 
39 | . 96038) . . 96268] . 91766] . 96492] . 92240] . 96708] . . 96917] . 21 
40 | 9. 96042/0. . 9627210. 9177419. 96495]0. 922489. 96712/0. _ 969210. 20 
41 | . 96046] . . 96276| . 91782] . 96499| . 92255] . 96715] . . 96924] . 19 
42 | . 96049] . . 96280| . 91790] . 96503] . 92263] . 96719) . . 96928] . 18 
43 | . 96053] . . 96283] . 91798] . 96506] . 92271] . 96722] . . 96931] . 17 
44. | . 96057| . . 96287| . 91806] . 96510| . 92279] . 96726] . . 96934] . 16 
45 | 9. 960610. . 96291/0. 91814]9. 96514/0. 92286/9. 96729)0. . 96938)0. 15 
46 | . 96065] . . 96295] . 91822] . 96517] . 92294] . 96733) . 96941] . 14 
47 | . 96069] . . 96299] . 91830] . 96521| . 92302] . 96736] . . 96945} . 13 
48 | . 96073] . ¢ . 96302| . 91838] . 96525| . 92310] . 96740] . . 96948) . 12 
49 | .96077| . . 96306] . 91846] . 96528] . 92317| . 96743) . . 96951 11 
50 | 9. 960810. . 96310/0. 9185419. 965320. 92325]9. 967470. - 969550. 10 
51 | . 96084! . 96314] . 91862] . 96536| . 92333] . 96750) . - 96958] . 9 
52 | . 96088] . . 96317| . 91870] . 96539] . 92341] . 96754] . . 96962} . 8 
53 | . 96092] . . 96321| . 91878] . 96543| . 92348] . 96758) . . 96965] . 7 
54 | . 96096) . . 96325] . 91886] . 96547| . 92356] . 96761 . 96968). 6 
55 | 9. 96100/0. - 96329]0. 9189419. 96550/0. 92364]9. 967650. . 96972)0. 5 
56 | . 96104] . . 96332| . 91902] . 96554| . 92372] . 96768) . . 96975) . 4 
57 | . 96108) . . 96336] . 91910] . 96557| . 92379] . 96772] . . 96979) . 3 
58 | . 96112] . . 96340] . 91918] . 96561] . 92387| . 96775] . . 96982) . 2 
59 | . 96115] . . 96344| . 91926] . 96565) . 92395] . 96779] . 96985) . 1 
60 | 9. 96119)0. 96347/0. 9193419. 965680. 9240219. 96782|0. 9285819. 96989)0. 0 


214° 


213° 


212° 


211° 


210° 
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TABLE 34 
Haversines 
150° 151° 152° 153° 154° 
uy Log Hav | Nat. Hav} Log Hav | Nat. Hav] Log Hav | Nat. Hav] Log Hav | Nat. Hav] Log Hav | Nat. Hav] ’ 
0 | 9. 96989)}0. 93301}9. 97188)0. 93731]9. 97381]0. 94147]9. 97566]0. 94550)9. 97745]0. 94940] 60 
1 . 96992) . 93309] . 97192) . 93738) . 97384) . 94154) . 97569] . 94557] . 97748] . 94946] 59 
2 . 96996) . 93316} . 97195) . 93745) . 97387] . 94161] . 97572) , 94564] . 97751] . 949521 58 
3 . 96999} . 93323] . 97198} . 93752) . 97390} . 94168) . 97575} . 94570) . 97754] . 94959] 57 
4 . 97002) . 93330] . 97201] . 93759} . 97393) . 94175] . 97578] . 94577] . 97756) . 94965] 56 
5 | 9. 97006/0. 93338/9. 97205|0. 93766]9. 97397|0. 94181]9. 97581]0. 94583]9. 97759]0. 94972] 55 
6 . 97009} . 93345} . 97208) . 93773] . 97400] . 94188] . 97584! . 94590) . 97762] . 94978] 54 
7 . 97012) . 93352] . 97211) . 93780] . 97403] . 94195] . 97587] . 94596] . 97765) . 94984] 53 
8 . 97016) . 93359] . 97214) . 93787] . 97406} . 94202} . 97591] . 94603] . 97768] . 94991} 52 
9 . 97019) . 93367] . 97218) . 93794] . 97409] . 94209] . 97594) . 94610] . 97771) . 94997] 51 
10 | 9. 97022/0. 93374/9. 97221|0. 93801]9. 97412]0. 94215]9. 97597|0. 94616]9. 97774]0. 95003] 50 
11 . 97026) . 93381} . 97224) . 93808] . 97415) . 94222) . 97600] . 94623] . 97777] . 95010} 49 
12 . 97029) . 93388] . 97227] . 93815} . 97418] . 94229] . 97603] . 94629] . 97780] . 95016} 48 
13 . 97033) . 93395} . 97231) . 93822] . 97422) . 94236) . 97606] . 94636] . 97783) . 95022] 47 
14 . 97036} . 93403] . 97234) . 93829] . 97425) . 94243) . 97609] . 94642] . 97785) . 95029] 46 
15 | 9. 97039)0. 93410]9. 97237)/0. 93836]9. 97428/0. 94249]9. 976120. 94649]9. 97788/0. 95035) 45 
16 . 97043) . 93417) . 97240) . 93843] . 97431] . 94256] . 97615] . 94655] . 97791} . 95041) 44 
U7 . 97046] . 93424) . 97244) . 93850) . 97434) . 94263] . 97618) . 94662] . 97794) . 95048) 43 
18 . 97049} . 93432) . 97247) . 93857] .97437| . 94270) . 97621) . 94669] . 97797] . 95054] 42 
19 . 97052) . 93439} . 97250) . 93864] . 97440) . 94276] . 97624) . 94675] . 97800] . 95060} 41 
20 | 9. 97056)0. 93446]9. 97253/0. 93871]9. 97443]/0. 94283]9. 97627/0. 94682]9. 97803)0. 95066] 40 
21 . 97059) . 93453] . 97257) . 93878] . 97447] . 94290] . 97630) . 94688] . 97806) . 95073) 39 
22 . 97063} . 93460] . 97260} . 93885] . 97450) . 94297) . 97633) . 94695} . 97808] . 95079] 38 
23 . 97066; . 93468) . 97263) . 93892] . 97453) . 94303] . 97636] . 94701] . 97811] . 95083) 37 
24 . 97069] . 93475} . 97266) . 93899] . 97456) . 94310) . 97639) . 94708] . 97814) . 95092) 36 
25 | 9. 97073/0. 93482)9. 97269/0. 93906}9. 974590. 943179. 97642)0. 94714]9. 97817|0. 95098) 35 
26 . 97076] . 93489] . 97273) . 93913] . 97462) . 943824] . 97645) . 94721] . 97820) . 95104] 34 
27 . 97079) . 93496) . 97276) . 93920] . 97465] . 94330] . 97647| . 94727] . 97823) . 95110] 33 
28 . 97083} . 93503] . 97279) . 93927) . 97468) . 94337] . 97650! . 94734] . 97826) . 95117) 32 
29 . 97086) . 938511} . 97282) . 93934) . 97471) . 94344) . 97653) . 94740] . 97829) . 95123) 31 
30 | 9. 97089]0. 93518]9. 97285)0. 93941}9. 97474/0. 9435119. 97656/0. 94747]9. 97831)0. 95129} 30 
31 . 97093] . 93525) . 97289) . 93948] . 97478) . 94357) . 97659) . 94753] . 97834) . 95136) 29 
32 . 97096} . 93532] . 97292) . 93955] . 97481] . 94364) . 97662) . 94760! . 97837) . 95142) 28 
33 . 97099} . 93539) . 97295) . 93962] . 97484) . 94371] . 97665) . 94766] . 97840) . 95148] 27 
34 . 97103} . 93546} . 97298) . 93969] . 97487) . 94377) . 97668] . 94773] . 97843) . 95154] 26 
35 | 9. 97106)0. 93554]9. 97301)0. 93976]9. 97490/0. 94884]9. 976710. 94779]9. 97846]0. 95161] 25 
36 . 97109} . 98561] . 97305) . 93982] . 97493) . 94391] . 97674) . 94786] . 97849] . 95167] 24 
37 . 97113] . 93568} . 97308) . 93989] . 97496) . 94397) . 97677) . 94792] . 97851] . 95173) 23 
38 . 97116} . 938575) . 97311) . 93996] . 97499) . 94404] . 97680) . 94799] . 97854] . 95179] 22 
39 . 97119) . 93582] . 97314) . 94003] . 97502) . 94411] . 97683} . 94805] . 97857) . 95185) 21 
40 | 9. 97123)0. 93589]9. 97317|0. 94010]9. 97505/0. 94418}]9. 97686)0. 9481119. 97860)0. 95192} 20 
41 . 97126) . 93596} . 97321) . 94017] . 97508) . 94424) . 97689) . 94818] . 97863} . 95198} 19 
42 . 97129) . 93603] . 97324) . 94024] . 97511] . 94431] . 97692) . 94824] . 97866) . 95204) 18 
43 . 97132) . 93611] . 97327) . 94031] . 97514] . 94438] . 97695) . 94831) . 97868) . 95210) 17 
44 . 97136) . 93618] . 97330) . 94038] . 97518] . 94444] . 97698) . 94837) . 97871) . 95217) 16 
45 | 9. 97139]0. 938625]9. 97333)0. 94045]9. 975210. 9445119. 9770110. 94844]9. 97874/0. 95223] 15 
46 . 97142) . 93632) . 97337) . 94051] . 97524) . 94458] . 97704) . 94850] . 97877) . 95229) 14 
47 . 97146] . 93639) . 97340} . 94058] . 97527) . 94464] . 97707) . 94856] . 97880) . 95235) 13 
48 . 97149] . 93646} . 97343) . 94065] . 97530) . 94471) . 97710) . 94863] . 97883) . 95241) 12 
49 . 97152) . 93653) . 97346) . 94072] . 97533) . 94477) . 97713) . 94869] . 97885] . 95248] 11 
50 | 9. 97156)0. 93660)9. 97349]0. 94079]9. 97536)0. 9448419. 97716)0. 94876]9. 97888)0. 95254) 10 
51 . 97159) . 93667] . 97352) . 94086] . 97539) . 94491] . 97718] . 94882] . 97891; . 95260) 9 
52 . 97162) . 93674] . 97356} . 94093] . 97542) . 94497] . 97721) . 94889] . 97894) . 95266) 8 
53 . 97165] . 93682] . 97359} . 94099] . 97545) . 94504) . 97724] . 94895] . 97897) . 95272) 7 
54 . 97169] . 93689] . 97362) . 94106) . 97548] . 94511) . 97727) . 94901] . 97899) . 95278) 6 
55 | 9. 97172)0. 93696]9. 97365/0. 94113]9. 975510. 9451719. 97730/0. 94908}9. 97902)/0. 95285) 5 
56 . 97175] . 93703) . 97368) . 94120] . 97554) . 94524) . 97733) . 94914] .97905} .95291; 4 
Df . 97179} . 93710} . 97371) . 94127) . 97557) . 94531) . 97736) . 94921] . 97908 . 95297] 3 
58 . 97182} . 93717] . 97375) . 94134] . 97560) . 94537) . 97739) . 94927] .9791])| . 95303] 2 
59 . 97185) . 93724] . 97378] . 94141] . 97563) . 94544] . 97742) . 94933] . 97914) . 953809) 1 
60 | 9. 97188/0. 93731]9. 97381]0. 9414719. 97566]0. 9455019. 97745]0. 94940]9. 97916)0. 95315) +O 
209° 208° 207° 206° 205° 
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TABLE 34 
Haversines 
155° 

y Log Hav | Nat. Hav} Log Hav | Nat. Hav} Log Hav | Nat. Hav} Log Hav 

0 | 9. 979160. 95315]9. 98081|0. 95677)9. 9823910. 96025)9. 98389 

1 . 97919) . . , . 98241) . 96031} . 98392) . 

2 . 97922) . : : : ‘ . 98394) . 

3 . 97925) . : : 5}. E . 98397) . 

4 . 97927! . P ; F F . 98399) . 

5 . 97930)0. ) ; : . . 98402)0. 

6 . 97933) . 2 : ; : . 98404) . 

ds . 97936) . i f ; : . 98406) . 

8 . 97939) . ; F ; : . 98409) . 

9 . 97941) . ; é ; P . 98411) . 

10 . 9794410, b } ! ; . 98414)0. 

11 . 97947) . : : : ; . 98416} . 

12 . 97950} . : : : a . 98419) . 

13 . 97953) . : : : : . 98421) . 

14 . 97955) . : ; J : . 98424) . 

15 . 979580. | ; p . . 98426) 0. 

16 . 97961] . 5 ; P : . 98428) . 

alee . 97964) . E : ; f . 98431) . 

18 . 97966) . : ; ; : . 98433) . 

19 . 97969) . : : ; ; . 98436) . 
20 . 97972)0. L f f h . 98438)0. 
21 . 97975) . 5 F : ' . 98440] . 
22 . 97977) . : : ; . . 98443) . 
23 . 97980} . A : ; ; . 98445) . 
24 . 97983) . : 4 é ’ . 98448) . 
25 . 97986)0. ; ; l ; . 9845010. 
26 . 97988) . ; A ; , . 98453) . 
20 . 97991) . : ; : ; . 98455} . 
28 . 97994) . : ; : : . 98457) . 
29 . 97997) . : : A , . 98460) . 
30 . 97999)0. } } k N . 98462)0. 

31 . 98002) . A , : : . 98465) . 
32 . 98005) . : ge : : . 98467) . 
33 . 98008) . , : ‘ : . 98469) . 
34 : : : 5 : : . 98472) . 
35 } ! ; ; h . 98474)0. 

36 : : . 98176] . ; é . 98476) . 
37 , : . 98179) . : 5 . 98479) . 

38 : : . 98182) . : 4 . 98481) . 

39 : ; . 98184) . , : . 98484) . 

40 A ! . 98187)\0. L ; . 98486) 0. 
41 : : . 98189) . : . . 98488) . 

42 . ; . 98192) . ? : . 98491) . 

43 : : . 98195) . : : . 98493) . 
44 ; ; . 98197) . . : . 98496) . 
45 ; i . 98200)0. : ; . 98498)0. 

46 5 4 . 98202) . ; ? . 98500) . 
47 : é . 98205] . ; : . 98503) . 

48 : ; . 98208) . . : . 98505) . 

49 : ? . 98210) . ; : . 98507) . 

50 ’ ; . 98213)0. ; : . 985100. 

51 : : . 98215) . : : . 98512) . 9 
52 : , . 98218) . : : . 98514) . 8 
53 : : . 98221) . ; 3 . 98517) . 7 
54 . : . 98223) . ‘ ’ . 98519) . 6 
55 : h . 98226)0. i f . 9852110. 5 
56 : : . 98228) . ; : . 98524) . : : 4 
57 : : . 98231) . ‘ : . 98526) . . 98664 . 3 
58 : : . 98233) . ‘ . . 98529) . . 98666} . 2 
59 : : . 98236) . ; : . 98531) . 98668) . 1 
60 ; b 98239/0. 96025}9. 98389 98533 98670)0. 0 


203° 202° 201° 200° 


~ 


TABLE 34 


Haversines 


160° 161° 


162° 


163° 


164° 


Log Hay 


Nat. Hav} Log Hav | Nat. Hav} Log Hav | Nat. Hav| Log Hav 


Nat. Hav} Log Hav 


Nat. Hav 


329 


9. 98670 
. 98673 
. 98675 
. 98677 
. 98679 


0. 96985]9. 98801)0. 97276)9. 
. 96990} . 98803) . 97281 
. 96995] . 98805) . 97285 
. 97000} . 98807} . 97290 
. 97004} . 98809] . 97295 


98924 


. 98926 
. 98928 
- 98930 
. 98932 


0. 97553)9. 
. 97557 
. 97562 
. 97566 
. 97571 


99041 


. 99043 
. 99044 
. 99046 
. 99048 


0. 97815]9. 99151 
. 97819] . 99152 
. 97824] . 99154 
. 97828} . 99156 
. 97832] . 99158 


0. 98063 
. 98067 
. 98071 
. 98075 
. 98079 


OONMPWNrO 


. 98681 
. 98684 
. 98686 
. 98688 
. 98690 


. 97009}9. 98811/0. 973009. 
. 97014) . 98813] . 97304 
. 97019} . 98815} . 97309 
. 97024] . 98817) . 97314 
. 97029] . 98819] . 97318 


98934 


. 98936 
- 98938 
. 98940 
. 98942 


. 97575)9. 
. 97580 
. 97584 
. 97589 
. 97593 


99050 


. 99052 
. 99054 
. 99056 
. 99058 


. 97836}9. 99159 
. 97841] . 99161 
. 97845] . 99163 
. 97849] . 99165 
. 97853] . 99166 


. 98083 
. 98087 
. 98091 
. 98095 
. 98099 


. 98692 
. 98695 
. 98697 
. 98699 
. 98701 


. 9703419. 98822)0. 97323]9. 
. 97039] . 98824] . 97328 
. 97044) . 98826] . 97332 
. 97049} . 98828] . 97337 
. 97054} . 98830} . 97342 


98944 


. 98946 
. 98948 
. 98950 
. 98952 


. 975989. 
. 97602 
. 97606 
. 97611 
. 97615 


99059 


. 99061 
. 99063 
. 99065 
. 99067 


. 97858]9. 99168 
. 97862} . 99170 
. 97866] . 99172 
. 97870] . 99173 
. 97874] . 99175 


. 98103 
. 98107 
> Shell 
. 98115 
. 98119 


. 98703 
. 98706 
. 98708 
. 98710 
. 98712 


. 97059]9. 98832/0. 97347)9. 
. 97064] . 98834] . 97351 
. 97069] . 98836] . 97356 
. 97074] . 98838] . 97361 
. 97078} . 98840] . 97365 


98954 


. 98956 
. 98958 
. 98960 
. 98962 


. 97620)9. 
. 97624 
. 97629 
. 97633 
. 97637 


99069 


. 99071 
. 99072 
. 99074 
. 99076 


. 97879}9. 99177 


. 98123 


. 97883] . 99179] . 
. 97887] . 99180] . 
. 97891} . 99182) . 
. 97895] . 99184) . 


. 98714 
. 98717 
. 98719 
. 98721 
. 98723 


. 97083}9. 98842)0. 97370]9. 
. 97088] . 98845] . 97374 
. 97093] . 98847) . 97379 
. 97098] . 98849) . 97384 
. 97103] . 98851) . 97388 


98964 


. 98966 
. 98968 
. 98970 
. 98971 


. 976429. 
. 97646 
. 97651 
. 97655 
. 97660 


99078 


. 99080 
. 99082 
. 99084 
. 99085 


. 97899}9. 99186)0. 
. 97904] . 99187] . 
. 97908] . 99189] . 


. 97912] . 99191 


97916] . 99193) . 


. 98725 
. 98728 
. 98730 
. 98732 
. 98734 


. 97108]9. 98853)0. 97393]9. 
. 97113] . 98855] . 97398 
. 97117] . 98857) . 97402 
. 97122] . 98859) . 97407 
. 97127| . 98861) . 97412 


98973 


. 98975 
. 98977 
. 98979 
. 98981 


. 976649. 
. 97668 
. 97673 
. 97677 
. 97681 


99087 


. 99089 
. 99091 
. 99093 
. 99095 


. 97920}9. 99194)0. 
. 97924] . 99196] . 


. 97929} . 99198) . 


. 97933] . 99200] . 


. 97937] . 99201 


. 98736 
. 98738 
. 98741 
. 98743 
. 98745 


. 97132]9. 98863)0. 97416)9. 
. 97137] . 98865) . 97421 
. 97142] . 98867) . 97425 
. 97147) . 98869} . 97430 
. 97151] . 98871) . 97435 


98983 


. 98985 
. 98987 
. 98989 
798991 


. 976869. 
. 97690 
. 97695 
. 97699 
. 97703 


99096 


. 99098 
. 99100 
. 99102 
. 99104 


. 979419. 99203)0. 
. 97945] . 99205) . 
. 97949} . 99206] . 
. 97953] . 99208) . 


. 97957] . 99210) . 


. 98747 
. 98749 
. 98751 
. 98754 
. 98756 


. 971569. 98873)0. 97439]9. 
. 97161] . 98875) . 97444 
. 97166] . 98877) . 97448 
. 97171] . 98880) . 97453 
. 97176] . 98882) . 97458 


98993 


. 98995 
. 98997 
. 98999 
. 99001 


. 97708]9. 
SOY: 
. 97716 
. 97721 
. 97725 


99106 


. 99107 
. 99109 
799111 
. 99113 


. 97962)9. 99212)0. 


. 97966] . 99213) . 
. 97970] . 99215) . 


. 97974] . 99217) . 


. 97978] . 99218) . 


. 98758 
. 98760 
. 98762 
. 98764 
. 98766 


. 98769 


. 98771 
. 98773 
. 98775 
. 98777 


. 97180]9. 98884)0. 9746219. 
. 97185] . 98886] . 97467 
. 97190] . 98888} . 97471 
. 97195] . 98890) . 97476 
. 97200} . 98892) . 97480 


99003 


. 99004 
. 99006 
. 99008 
. 99010 


. 97729)9. 
. 97734 
. 97738 
. 97742 
. 97747 


99115 


. 99116 
. 99118 
. 99120 
. 99122 


. 97982)9. 99220)0. 
. 97986] . 99222) . 


. 97990] . 99223) . 
. 97994] . 99225) . 
. 97998] . 99227] . 


. 9720419. 98894)0. 97485)9. 
. 97209] . 98896] . 97490 
. 97214) . 98898] . 97494 
. 97219} . 98900} . 97499 
. 97224) . 98902) . 97503 


99012 


. 99014 
. 99016 
. 99018 
. 99020 


. 977519. 
. 97755 
. 97760 
. 97764 
. 97768 


99124 


. 99126 
. 99127 
. 99129 
. 99131 


. 9800219. 99229)0. 
. 98007] . 99230) . 
. 98011} . 99232) . 
. 98015] . 99234!) . 
. 98019} . 99235) . 


. 98779 
. 98781 
. 98784 
. 98786 
. 98788 


. 97228}9. 98904)0. 97508]9. 
. 97233] . 98906) . 97512 
. 97238] . 98908) . 97517 
. 97243] . 98910) . 97521 
. 97247] . 98912) . 97526 


99022 


. 99024 
. 99026 
. 99027 
. 99029 


. 97773)9. 
» DOA 
. 97781 
. 97785 
. 97790 


99133 


. 99135 
. 99136 
. 99138 
. 99140 


. 98023]9. 99237)0. 
. 98027} . 99239) . 
. 98031] . 99240] . 
. 98035) . 99242) . 
. 98039] . 99244] . 


. 98790 
. 98792 
. 98794 
. 98796 
. 98798 
. 98801 


. 97252]9. 98914)0. 97530)9. 
. 97257) . 98916) . 97535 
. 97262) . 98918) . 97539 
. 97266] . 98920) . 97544 
. 97271] . 98922) . 97548 
0. 97276]9. 98924/0. 97553)9. 


99031 


. 99033 
. 99035 
. 99037 
. 99039 


99041 


. 977949. 
. 97798 
. 97802 
. 97807 
. 97811 
0. 97815)9. 


99142 


. 99143 
. 99145 
. 99147 
. 99149 


99151 


. 98043]9. 99245)0. 
. 98047] . 99247) . 
. 98051] . 99249] . 
. 98055} . 99250) . 
. 98059] . 99252) . 


0. 98063}9. 99254 


0. 98296 


OP NWKHOYONOO 


199° 198° 


197° 


196° 


195° 
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193° 


TABLE 34 
Haversines 
165° 166° 167° 
f Log Hav | Nat. Hav} Log Hav | Nat. Hav} Log Hav | Nat. Hav} Log Hav Y 
0 | 9. 99254/0. 98296]9. 99350)/0. 98515]9. 99440/0. 9871919. 99523 60 
1 . 99255] . 98300} . 99352] . 98518] . 99441) . 98722 59 
2 . 99257) . 98304} . 99353} . 98522) . 99443] . 98725 58 
3 . 99259) . 98308] . 99355] . 98525] . 99444) . 98728 57 
4 . 99260} . 98311] . 99356] . 98529] . 99446] . 98732 56 
5 | 9. 99262/0. 98315}9. 99358)/0. 9853219. 99447/0. 98735)9. 55 
6 . 99264] . 98319] . 99359] . 98536] . 99448) . 98738 54 
it . 99265] . 98323] . 99361] . 98539} . 99450) . 98741 53 
8 . 99267) . 98326] . 993862) . 98543] . 99451) . 98745 52 
9 . 99269] . 98330] . 99364) . 98546] . 99453] . 98748 ol 
10 | 9. 99270/0. 98334]9. 993660. 98550}9. 99454/0. 98751)9. 50 
11 . 99272) . 98337] . 99367] . 98553] . 99456) . 98754 49 
12 . 99274] . 98341] . 99369) . 98557] . 99457) . 98757 48 
13 . 99275} . 98345] . 99370) . 98560] . 99458) . 98761 47 
14 . 99277| . 98349] . 99372) . 98564] . 99460) . 98764 46 
15 | 9. 99278)/0. 98352]9. 99373|0. 98567]9. 99461|0. 98767]9. 45 
16 . 99280) . 98356] . 99375) . 98571] . 99463) . 98770 44 
17 . 99282) . 98360} . 99376) . 98574] . 99464) . 98774 43 
18 . 99283] . 98363] . 99378) . 98577] . 99465) . 98777 42 
19 . 99285] . 98367] . 99379) . 98581} . 99467) . 98780 4l 
20 | 9. 99287/0. 98371]9. 99381|0. 9858419. 9946810. 98783]9. 40 
21 . 99288) . 98374] . 99382) . 98588] . 99470) . 98786 39 
22 . 99290) . 98378] . 99384] . 98591] . 99471) . 98789 38 
23 . 99291) . 98382) . 99385) . 98595] . 99472) . 98793 oe 
24 . 99293] . 98385] . 99387] . 98598] . 99474) . 98796 36 
25 | 9. 992950. 98389]9. 99388)/0. 98601]9. 99475/0. 98799]9. 35 
26 . 99296| . 98393] . 99390] . 98605] . 99477) . 98802 34 
27 . 99298) . 98396] . 99391] . 98608] . 99478) . 98805 33 
28 . 99300] . 98400} . 99393) . 98612) . 99479] . 98808 32 
29 . 99301} . 98404} . 99394] . 98615] . 99481) . 98812 | 31 
30 | 9. 99303/0. 98407]9. 99396)0. 98618]9. 99482/0. 98815)9. 30 
31 . 99304] . 98411] . 99397) . 98622] . 99484! . 98818 29 
32 . 99306] . 98415] . 99399} . 98625] . 99485) . 98821 28 
33 . 99308] . 98418] . 99400} . 98629] . 99486) . 98824 27 
34 . 99309] . 98422} . 99402) . 98632] . 99488) . 98827 26 
35 | 9. 99311/0. 98426]9. 99403/0. 98635]9. 99489|0. 98830)9. } 25 
36 . 99312) . 98429] . 99405) . 98639] . 99490) . 98834] . 99569! . 24 
37 . 99314! . 98433] . 99406] . 98642] . 99492) . 98837) . 99571) . 23 
38 . 99316} . 984386} . 99408) . 98646] . 99493) . 98840] . 99572) . 22 
39 . 99317) . 98440} . 99409) . 98649] . 99495] . 98843] . 99573) . 21 
40 | 9. 993190. 98444}9. 99411/0. 98652]9. 99496/0. 988469. 99575)0. 20 
41 . 99320) . 98447] . 99412) . 98656] . 99497) . 98849] . 99576! . 19 
42 . 99322) . 98451] . 99414! . 98659] . 99499) . 98852] . 99577) . 18 
43 . 99324) . 98454] . 99415) . 98662} . 99500] . 98855} . 99578) . 17 
44 . 99325) . 98458] . 99417) . 98666] . 99501) . 98858} . 99580) . 16 
45 | 9. 99327/0. 98462|9. 99418]0. 98669|9. 995030. 98862)9. 99581)0. 15 
46 . 99328] . 98465} . 99420} . 98672] . 99504! . 98865] . 99582) . 14 
47 . 99330) . 98469] . 99421] . 98676] . 99505] . 98868] . 99583} . 13 
48 . 99331) . 98472] . 99422) . 98679] . 99507) . 98871] . 99584) . 12 
49 . 99333) . 98476] . 99424) . 98682) . 99508] . 98874] . 99586] . 11 
50 | 9. 99335/0. 9847919. 994250. 98686]9. 995100. 98877]9. 99587)0. ¢ 10 
51 . 99336] . 98483] . 99427) . 98689] . 99511} . 98880] . 99588) . 9 
52 . 99338) . 98487] . 99429] . 98692] . 99512) . 98883] . 99589! . § 8 
53 | . 99339) . 98490} . 99430] . 98695] . 99514] . 98886} . 99591) . 7 
54 . 99341) . 98494] . 99431] . 98699] . 99515} . 98889] . 99592) . 6 
55 | 9. 99342/0. 984979. 994330. 98702]9. 99516/0. 98892]9. 995930. 5 
56 . 99344) . 98501] . 99434} . 98705] . 99518] . 98895} . 99594! . 4 
57 . 99345] . 98504] . 99436) . 98709] . 99519] . 98898} . 99596) . 3 
58 . 99347) . 98508} . 99437] . 98712] . 99520] . 98901} . 99597 . 2 
59 . 99349) . 98511] . 994388] . 98715] . 99522) . 98904] . 99598) . ; 1 
60 | 9. 99350/0. 98515]9. 99440/0. 98719]9. 99523)/0. 9890719. 99599 99669)0. 0 
194° 192° 191° 190° 
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TABLE 34 


Haversines 


170° 


Log Hav | Nat. Hav| Log Hav | Nat. Hav} Log Hav | Nat. Hav} Log Hav | Nat. Hav| Log Hav | Nat. Hav 


9. 99669/0. 99240]9. 99732/0. 99384]9. 99788|0. 99513]9. 99838)/0. 
. 99670} . 3] . . 99789) . 9 
- 99671) . : ; . 99790) . é : 3 : 
. 99672) . : 2 . 99791) . : : . 99883} . 
- 99673) . ; : 9979215 : : . 99884) . 


. 996740. ; L . 99793)0. | ! . 998840. 

. 99675) . : . : 99793). ; 6 . 99885) . 
~ 99677) . 3 : . 99794) . : ° . 99885) . 
. 99678) . 5 : . 99795) . ; ’ . 99886) . 
. 99679] . 5 : - 99796) . : ; . 99887) . 


. 99680)0. : ; . 997970. ; . 99887)0. 

. 99681) . : : . 99798) . é : - 99888) . 
. 99682) . 5 : . 99799) . : : . 99889} . 
. 99683) . : : . 99800) . ; : . 99889} . 
. 99684) . 5 : . 99800} . : : . 99890} . 


. 99685)/0. : ’ . 99801)0. ! L . 998910. 
. 99686) . ; : . 99802) . : , ~ 99891) . 
. 99687) . : : - 99803) . : : . 99892) . 
. 99688) . : : . 99804) . é ; . 99893) . 
. 99690] . : ; - 99805) . ; : . 99893} . 


. 99691)0. ; ; . 99805)/0. 99553 L . 
. 99692). . : : . 99806) . : : . 99894) . 
. 99693) . : : . 99807) . : , - 99895) . 
. 99694! . 3 3 . 99808) . : : . 99896} . 
- 99695) . ; : . 99809) . ; é - 99896} . 


. 996960. ; 5 . 99810)0. L ; . 99897)0. 
99697) ; F p . 99811) . F : . 99897) . 
. 99698) . ; hE - 99811) . : 5 . 99898) . 
- 99699) . ; é . 99812) . 3 5 . 99899). 
. 99700} . ; F . 99813) . 3 é . 99899) . 
. 99701)0. ; ; . 998140. ; ; . 99900)0. 
. 99702) . ; ; : G ; : . 99901) . 
. 99703) . ; ; é : ; ; . 99901) . 
. 99704) . : : ° : ; : - 99902) . 
. 99705) . : ; : 2 é : . 99902) . 


. 99706) 0. ; } : : : } . 99903)0. 
- 99707) . ; : : : : : . 99904) . 
. 99708) . : : 3 5; : 5 . 99904) . 
- 99710) . 3 ; ; ; : ; . 99905) . 
. 99905) . 


. 99906)0. 
. 99906] . 
. 99907) . 
. 99908) . 
. 99908) . 


; L ; ! ; . 99909)0. 
. 99775) . ; 3 : : - 99909) . 
. 99776) . Le : ; : . 99910) . 
99777) . : : : : . 99911) . 
. 99778) . : ; : : ~ 99911). 


. 99779)0. ; } 9. 998740. 9. 99912)0. 

. 99780) . : : . 99875] . . 99912) . 
. 99781) . 3 : . 99876) . . 99913) . 
. 99782) . ; Q . 99876) . . 99913} . 
. 99783) . ; : . 99877) . 99914). 


9. 99784)0. ; b . 99878)0. 9. 99915)0. 
. 99785] . F : . 99878) . . 99915) . 
. 99786) . ; 4 7 99879l7. . 99916) . 
. 99786) . ; ; . 99880) . . 99916) . 
199787). . 99880) . . 99917) . 
. 99788|0. 99513)9. 99838|0. 99627|9. 99881)0. 9972619. 99917)0. 
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188° 187° 186° 185° 
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TABLE 34 


Haversines 


175° 


Log Hav | Nat. Hav} Log Hav | Nat. Hav} Log Hav | Nat. Hav] Log Hav | Nat. Hav] Log Hav | Nat. Hav 


9. 99917|0. 99810]9. 999470. 99878]9. 99970)0. 99931}9. 99987/0. 999709. 999970. 99992 
5s CE ODeH | . 99948) . - 99971). - 99987) . ~ 999971". 
- 99918) . . 99948) . 99971" . 99987) . . 99997) . 
OGOLO|E. . 99948) . . 99971) . ODS ali OOOO Ties 
. 99949) . SP 3 ewer WERE 


. 99920)0. 19. 99949)0. . 99972)0. . 99988)0. . 99997)0. 
5 SEPA) . 99950) . ~ 99972). . 99988) . NOO99T |=. 
ooo 2 ie . 99950} . - 99973)". . 99988] . SEEREYAL sc 
7 99922|". BOIS L | - 99973) ~ . 99988} . SPH) 

mOO9OL |. ~ 99973). 299989 | . 99998) . 


. 99923)0. . 99951)0. . 99973)0. ; . 9997419. 99998)0. 
. 99923) . . 99952) . . 99974 . . 99989) . - 99998). 
. 99924) . . 99952) . . 99974) . . 99989) . >» 99998)" 
. 99924) . . 99953) . . 99974 . . 99989}. - meh el te 
. 99925) . . 99953) . SRR VEER) 5s CEERI 


. 99925)0. . 99953)0. . 99975)0. . 99990)0. 9. 99998)0. 3 
. 99926) . . 99954 . seal 2H 99990) . 99998) . 
. 99926) . . 99954] . Ooo Olm mOI090l=. - 99998) . 
99927) . 99954) . SAG OOOO . 99998) . 
OOO Z Aline . 99955] . - 99976). mOoUO Leos 5 CEST 


. 99928]0. 99834]9. 99955]0. . 99976)0. . 99991)0. 9. 99999]0. 
. 99928) . . 99956) . 2 ELE| mOOOOIIRE PERE 
ERP) . 99956) . a DENTAL 2 OE » SEE] 
5 WEEP =~ 99957" 999d 5 EEN . 99999) . 
- 99930) . . 99957) . . 99978) . SUE - 99999). 


. 99958)0. | 9. 99978)0. . 9999210. 99: . 9999910. 99997 
TI99S IIe . 99958) . . 99978) . 5 SELEPA| 799999)”: 
. 99932) . . 99958) . . 99978) . > SEERPI) >» SOOO) 
. 99932) . OEE ~ 99979). 5 WEEMPA| 2 o DOE} oo 
. 99933) . OgoOo |e - 99979). s VEEP AI 2 GERYE c 


. 99933)0. . 99959)0. . 99979)0. . 99993)0. . 99999|0. 99998 
. 99934) . . 99960) . . 99980} . OEE 83} . 99999) . 
. 99934) . . 99960} . . 99980} . BI9O0SIs: - SERENE 
. 99935) . SELBY) . 99980) . S SERRE o CERN) 
. 99935} . 99850} . 99961) . 99980). SBI 5 | ac 


. 99961)0. . 99981)0. . 99993)0. . 99999)0. 
. 99936) . - 99962 . TODOS Os . 99994! . SORE ot 
. 99936] . . 99962) . mUOOSI | 5 PREIEA) 3 Oh . 00000) . 
EB IAL . 99963] . > 99981). . 99994) . . 00000} . 
5 CERE4| . 99963) . . 99982) . . 99994! . . 00000) . 


. 99938])0. . 99963)0. . 99982)0. 9. 99994). . 00000)0. 
. 99938) . . 99964, . . 99982) . . 99994! . . 00000) . 
~ 99939|" . 99964) . . 99983) . 5 . 00000} . 
~ 99939): . 99964 . - 99983/' . 5 DE. . 00000} . 
. 99940) . . 99965) . . 99983) . > CEE . 00000} . 


. 99940)0. . $9965)0. . 99983]0. 9996119. 99995)0. . 00000} 1. 
oO OSs . 99965) . . 99983] . ERE . 00000} . 
OOO A . 99966] . . 99984) . = BEE . 00000) . 
. 99942) . . 99966] . . 99984) . » DED . 00000) . 
. 99942) . . 99966] . . 99984) . 5S ER 2 . 00000) . 


. 99943)0. . 99967/0. ! ; . 99996)0. . 00000) 1. 
. 99943] . = SIE Ta|| . 99985) . . 99996) . . 00000} . 
. 99943} . . 99968) . IOUS Ore O999GIe . 00000) . 
. 99944) . . 99968] . 5 SU et| 9999Gi . 00000) . 
. 99944) . . 99968) . . 99985] . 995 a CREE e . 00000] . 


. 99945)0. . 99969)0. . 99986)0. . 99996)0. . 00000) 1. 
. 99945] . 5 CEOS) . 99986) . BOOOUG I . 00000} . 
. 99946) . 9° . 99969) .4 . 99986] . + QELEG| . 00000} . 
. 99946] . . 99970) . DOOSGIe: SPOERTG| c . 00000) . 
. 99947 DOE) 5 IOUS The: 5 OED Al . 00000) . 
. 99947|0. 9987819. 999700. 9993119. 999870. 9997019. 99997/0. 99992I0. 
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TABLE 35 
The Ageton Method 


When Meridian Angle is Greater Than 90° Take “K” From Bottom of Table 


0° 30’ 

A A 
205916 
205198 
204492 
203797 
203113 
202440 
201777 
207124 
200480 
199846 
199221 
198605 
197998 
197399 
196808 
196225 
195650 
195082 
194522 
193969 
193422 
192883 
192350 
191824 
191303 
190790 
190282 
189780 
189283 
188793 
188307 
187827 
187353 
186883 
186419 
185959 
185505 
185055 
184609 
184168 
183732 
183300 
182872 
182448 
182029 
181613 
181201 
180794 
180390 
179990 
179593 
179200 
178810 
178424 

| 178042 
177663 
177287 
176914 
176544 


les] 


175814 158208 . 145718 
175454 157967 145538 
175097 157728 145358 
174742 157490 145179 
174391 157254 145000 
174042 157019 144823 
173696 156784 : 144646 
173352 156552 144470 


173012 156320 f 144295 
172674 156090 . 144120 
172339 1553861 143946 
172006 155633 143773 
171676 155406 143600 
171348 155180 143428 
171023 154956 143257 
170700 - 154733 143086 
170379 154511 142916 
170061 - 154290 142747 
169745 154070 142579 
169432 : 153851 : 142411 
169121 153633 . 142243 
168811 E 153417 5 142077 
168505 > 153201 5 141911 
168200 152987 141745 
167897 . 152774 141581 
167597 152561 : 141417 
167298 152350 141253 
167002 152140 141090 . 
166708 ; 151931 140928 
166415 151722 : 140766 
166125 - 151515 140605 
165836 : 151309 : 140445 
165550 . 151104 140285 
165265 150899 140125 
164982 150696 139967 
164701 150494 : 139809 
164422 150292 139651 
164144 150092 139494 
163868 149892 139338 
163594 149693 139182 
163322 . 149495 139027 
163052 149299 ; 138872 
162783 . 149103 138718 
162516 é 148907 ° 138564 
162250 - 148713 c 138411 
161986 148520 : 138258 
161724 f 148327 : 138106 
161463 148135 -7 1 137955 
161204 147945 ° 137804 
160946 147755 . 137653 
160690 147566 137504 
160435 : 147377 : 137354 
160182 z 147190 . 137205 
159930 147003 . 137057 
159680 146817 F 136909 
159431 146632 : 136761 
159184 : 146448 . 136615 
158938 - 146264 - 136468 
158693 - 146081 136322 
158450 é 145899 : 136177 


205916 175814 158208 145718 136032 
A A A A A 


179° 30’ 179° 00’ 178° 30’ 178° 00’ 177° 30’ 


383730 
353627 
336018 
323524 
313833 
305915 
299221 


293421 
288306 
283730 
279591 
275812 
272336 
269118 
266121 
263318 
260685 
258203 
255855 
253627 
251508 
249488 
247558 
245709 
243936 
242233 
240594 
239015 
237491 
236018 
234594 
| 233215 
231879 
230583 
229324 
228100 
226910 
225752 
224624 
223525 
222452 
221406 
220384 
219385 
218409 
217455 
__| 216521 
215607 
214711 
213834 
212974 
212130 
211303 
210491 
209695 
208912 
208143 
207388 
206646 176178 
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TABLE 35 
The Ageton Method 


Always Take “Z” From Bottom of Table, Except When “K” is Same Name and Greater 
Than Latitude, in Which Case Take “Z” From Top of Table 


136032 128120 121432 . 115641 ° 110536 
135888 128000 -9 | 121329 . 115551 ° 110455 
135744 ° 127880 121226 ° 115461 > 110375 
135600 5 127760 : 121124 3 115371 : 110296 
135457 ° 127640 . 121021 5 115282 110216 
135315 . 127521 120919 ° 115192 b 110136 
135173 ° 127403 120817 115103 bs 110057 
135031 ° 127284 C 120715 e 115014 LE 109977 
134890 . 127166 : 120614 ° 114925 ; 109898 
134749 ° 127049 . 120513 114836 E 109819 
134609 ° 126931 120412 ° 114747 b 109740 
134469 : 126814 . 120311 |_85. 114659 b 109662 
134330 . 126697 ° 120211 ° 114571 ° 109583 
134191 . 126581 . 120110 5 114483 109505 
134052 . 126465 . 120010 6 114395 b 109426 
133914 -6 | 126349 5 119910 : 114307 b 109348 
133777 . 126233 ° 119811 114220 ° 109270 
133640 5 126118 is 119711 114133 5 109192 
133503 ° 126003 ° 119612 ° 114045 ; 109115 
133367 5 125888 . 119513 5 113958 . 109037 
133231 125774 119415 . 113872 . 108960 
133096 ° 125660 119316 113785 ° 108882 
132961 ° 125546 119218 : 113699 ° 108805 
132826 : 125433 : 119120 5 113612 b 108728 
132692 . 125320 . 119022 . 113526 ° 108651 
132558 \° 125207 118925 . 113440 108574 
132425 . 125094 118827 ° 113354 108498 
132292 - 124982 : 118730 ; 113269 D 108421 
132159 B 124870 b 118633 : 113183 ? 108345 
132027 ° 124759 E 118537 . 113098 : 108269 
131896 } 124647 le 118440 5 113013 F 108193 
131764 . 124536 5 118344 b 112928 5 108117 
131633 ° 124425 ° 118248 5 112843 108041 
131503 . 124315 118152 c 112759 107965 
131373 124204 118056 112674 107890 
131243 5 124095 ° 117961 5 112590 : 107814 
131114 123985 ° 117866 . 112506 . 107739 
130985 123875 . 117771 5 112422 ° 107664 
130856 ° 123766 . 117676 5 112338 107589 
130728 ° 123657 : 117581 112255 a 107514 
130600 ° 123549 2 117487 : 112171 : 107439 
130473 ° 123441 117393 : 112088 107364 
130346 123332 n° 117299 ° 112005 ° 107290 
130219 ° 123225 : 117205 5 111922 . 107216 
130093 . 123117 . 117112 ° 111839 ° 107141 
129967 . 123010 117018 . 111757 ° 107067 
129841 b 122903 116925 111674 106993 
129716 ° 122796 i 116832 ; 111592 ° 106919 
129591 ° 122690 > 116739 |100. 111510 ° 106846 
129466 122584 . 116647 111428 ° 106772 
129342 ° 122478 116554 111346 106698 
129218 2 122372 ° 116462 . 111264 . 106625 
129095 122267 ° 116370 111183 106552 
128972 122161 . 116278 . 111101 

128849 122057 116187 111020 ° 

128727 B 121952 B 116096 ° 110939 5 106333 
128605 ° 121848 116004 ° 110858 ° 106260 
128483 5 121743 . 115913 5 110777 ° 106187 
128362 ° 121639 5 115823 5 110696 . 106115 
128240 5 121536 ° 110616 5 106043 
128120 : : 5 105970 
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TABLE 35 
The Ageton Method 


When Meridian Angle is Greater Than 90° Take “K” From Bottom of Table 


5° 00’ 6° 00’ 
A A B A B A Bo 
105970 101843 |200. 4 98076 94614 280 
105898 101777 |201.0 98017 94559 
105826 101712 |201.6 97957 i 94503 
105754 101646 |202. 2 97897 94448 
105683 101581 5 97837 94393 
105611 101516 iS 97777 94338 
105539 101451 : 97717 94283 
105468 101886 |204. 7 97658 94228 
105397 101321 |205. 97598 94173 
105325 101256 |205. 97539 94118 
105254 101192 |206. 97480 94063 
105183 101127 |207. 97420 94009 
105113 101063 |207. 97361 93954 
105042 100998 |208. 97302 93899 
104971 100934 97243 93845 
104901 100870 |209. 97184 93790 
104830 100806 97126 93736 
104760 100742 97067 93682 
104690 100678 97008 93628 
104620 100614 96950 93573 
104550 100550 96891 93519 
104480 100487 96833 93465 
104411 100423 96774 93411 
104341 100360 96716 93358 
104272 100296 A 96658 93304 
104202 100233 3 96600 93250 
104133 100170 « 96542 93196 
104064 100107 . 96484 93143 
103995 100044 96426 | 93089 
103926 99981 . 96368 93036 
103857 99918 : 96310 92982 
103788 99856 b 96253 92929 
103720 99793 5 96195 92876 
103651 99731 96138 92823 
103583 99668 A 96080 92769 
103515 99606 p 96023 92716 
103447 95966 92663 
103379 95909 92610 
103311 3 95851 92558 
103243 ; 95795 92505 
103175 : I 95737 92452 
103107 iS fs 95681 92399 
103040 : f 95624 92347 
102973 5 95567 92294 
102905 95510 92242 
102838 95454 92189 
102771 95397 92137 
102704 95341 92085 
102637 95285 92032 
102570 95228 91980 
102504 95172 91928 
102437 95116 91876 
102371 95060 91824 
102304 95004 91772 
102238 94948 91720 
102172 94892 91668 
102106 94836 91617 
102040 94781 91565 
101974 c 94725 91514 
101908 |199. 8 94670 91462 
101843 |200. 4 : 94614 91411 
A B 
174° 30’ 
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TABLE 35 


The Ageton Method 


Always Take “Z” From Bottom of Table, Except When “K” is Same Name and Greater 
Than Latitude, in Which Case Take “Z” From Top of Table 


83030 
82987 
82945 
82903 
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82861 
82819 
82777 
82735 


82693 
82651 
82609 
82567 
82526 
82484 
82442 
82400 


82359 
82317 
82276 
82234 
82193 
82151 
82110 
82069 


76033_ 


A B A B 
170° 30’ 170° 00’ 
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75605 


TABLE 35 
The Ageton Method 


When Meridian Angle is Greater Than 90° Take “K” From Bottom of Table 


70034 

70003 | 882 
69972 | 883 
69941 885 


T5747 
75712 
75676 
75641 


75570 
75534 
75499 


75322 

75287 
75252 
75217 


67272 
67243 
67214 
67185 


67127 
67098 
67069 
67040 
67011 
66982 
66953 


67156 
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TABLE 35 
The Ageton Method 


Always Take “Z” From Bottom of Table, Except When “K” is Same Name and Greater 
Than Latitude, in Which Case Take “Z” From Top of Table 


58889 
58866 
58842 
58818 
61734 58795 
61709 58771 
61683 58748 
61658 58724 


61632 
aime t 
166° 00’ 165° 30’ 165° 00’ 
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TABLE 35 
The Ageton Method 


When Meridian Angle is Greater Than 90° Take “K” From Bottom of Table 


15° 00’ 15° 30’ 16° 00’ 
A B A B 

58700 | 1506 iBT. 53406 | 1940] 
58677 | 1507 53386 | 1942 
58653 | 1509 53365 | 1944 
58630 | 1511 53344 | 1946 
58606 | 1512 7 1948 | 28 
58583 | 1514 1950 
58559 | 1516 1952 
58536 | 1517 1954 
58512 | 1519 
58489 | 1521 
58465 | 1523 
58442 | 1524 
58418 | 1526 
58395 | 1528 
58372 | 1529 
58348 | 1531 
58325 | 1533 
58302 | 1534 
58278 | 1536 
58255 | 1538 
58232 | 1540 
58208 | 1541 
58185 | 1543 
58162 | 1545 
58138 | 1546 
58115 | 1548 
58092 | 1550 


own NO oO FP Ww ND 


aS 
- © 


et 
eo bw 


58069 | 1552 


_ 
is 


58046 | 1553 
58022 | 1555 
57999 | 1557 
57976 | 1559 
57953 | 1560 
57930 | 1562 
57907 | 1564 
57884 | 1565 
57860 | 1567 
57837 | 1569 
57814 | 1571 
57791 | 1572 
57768 | 1574 
57745 | 1576 
57722 | 1578 
57699 | 1579 
57676 | 1581 
57653 | 1583 
57630 | 1584 
___| 57607 | 1586 
57584 | 1588 
57561 | 1590 
57538 | 1591 
57516 | 1593 
57493 | 1595 
57470 | 1597 | 
57447 | 1598 
57424 | 1600 
57401 | 1602 
57378 | 1604 
57356 | 1605 
57333 | 1607 
57310 | 1609 
A B 
164° 30’ 
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TABLE 35 
The Ageton Method 


Always Take “Z” From Bottom of Table, Except When “K” is Same Name and Greater 


Than Latitude, in Which Case Take “Z” From Top of Table 


f A B A B A B A B A B 
0 52186 | 2058 51002 | 2179 49852 | 2304 48736 | 2433 47650 | 2565 | 
52166 | 2060 50982 | 2181 49853 | 2306 48717 | 2435 47633 | 2568 
1 52146 | 2062 50963 | 2183 49815 | 2309 48699 | 2437 47615 | 2570 
52126 | 2064 | 50943 | 2185 49796 | 2311 48681 | 2439 47597 | 2572 
2 52106 | 2066 50924 | 2188 49777 | 2313 48662 | 2442 47579 | 2574 
52086 | 2068 50905 | 2190 49758 | 2315 48644 | 2444 47561 | 2576 
3 52066 | 2070 50885 | 2192 49739 | 2317 48626 | 2446 47544 | 2579 
52046 | 2072 | 50866 | 2194 | 49720 | 2319 48608 | 2448 47526 | 2681 
4 52026 | 2074 50846 | 2196 49702 | 2321 48589 | 2450 | 47508 | 2583 
52006 | 2076 50827 | 2198 49683 | 2323 48571 | 2453 47490 | 2585 
5 51986 | 2078 50808 | 2200 49664 | 2325 48553 | 2455 47472 | 2588 
51966 | 2080 50788 | 2202 49645 | 2328 48534 | 2457 47455 | 2590 
6 51946 | 2082 50769 | 2204 49626 | 2330 48516 | 2459 47437 | 2592 
51926 | 2084 50750 | 2206 49608 | 2332 48498 | 2461 47419 | 2594 
7 51906 | 2086 50730 | 2208 49589 | 2334 48480 | 2463 47402 | 2597 
51886 | 2088 50711 | 2210 49570 | 2336 48462 | 2466 47384 | 2599 
8 51867 | 2090 50692 | 2212 49551 | 2338 48443 | 2468 47366 | 2601 
51847 | 2092 50673 | 2214 49533 | 2340 48425 | 2470 47348 | 2603 
9 51827 | 2094 50653 | 2216 49514 48407 | 2472 47331 | 2606 
51807 | 2096 50634 | 2218 49495 48389 | 2474 47313 | 2608 
10 51787 | 2098 50615 | 2221 49477 48371 | 2477 47295 | 2610 
51767 | 2100 50596 | 2223 49458 | 2349 48352 | 2479 47278 | 2613 
11 51747 | 2102 50576 | 2225 49439 | 2351 48334 | 2481 47260 | 2615 
51728 | 2104 50557 | 2227 49421 | 2353 48316 | 2483 | 47242 | 2617 
12 51708 | 2106 50538 | 2229 49402 | 2355 48298 | 2485 47225 | 2619 
51688 | 2108 50519 | 2231 49383 | 2357 48280 | 2488 47207 | 2622 
13 51668 | 2110 50499 | 2233 49365 48262 | 2490 47189 | 2624 
51649 | 2112 50480 | 2235 49346 48244 | 2492 47172 | 2626 
14 51629 | 2114 50461 | 2237 49327 48225 | 2494 47154 | 2628 
51609 | 2116 50442 | 2239 49309 | 2366 48207 | 2496 47137 | 2631 
15 51589 | 2118 50423 | 2241 49290 | 2368 48189 | 2499 47119 | 2633 
51570 | 2120 50404 | 2243 49271 | 2370 48171 | 2501 47101 | 2635 
16 51550 | 2122 50385 | 2246 49253 | 2372 48153 | 2503 47084 | 2637 
51530 | 2124 50365 | 2248 49234 | 2375 48135 | 2505 47066 | 2640 
17 51510 | 2126 50346 | 2250 49216 | 2377 48117 | 2507 47049 | 2642 
51491 | 2128 50327 | 2252 49197 | 2379 48099 | 2510 47031 | 2644 
18 51471 | 2130 50308 | 2254 49179 | 2381 48081 | 2512 47014 | 2646 
51451 | 2132 50289 | 2256 49160 | 2383 48063 | 2514 46996 | 2649 
19 51432 | 2134 50270 | 2258 49141 | 2385 48045 | 2516 46978 | 2651 
51412 | 2136 50251 | 2260 49123 | 2387 48027 | 2519 46961 | 2653 
20 51392 | 2138 50232 | 2262 49104 | 2390 48009 | 2521 46943 | 2656 
51373 | 2141 50213 | 2264 49086 | 2392 47991 | 2523 46926 | 2658 
21 51353 | 2143 50194 | 2266 49067 | 2394 47973 | 2525 46908 | 2660 
51334 | 2145 50175 | 2269 49049 | 2396 47955 | 2527 46891 | 2662 
22 51314 | 2147 50156 | 2271 49030 | 2398 47937 | 2530 46873 | 2665 
51294 | 2149 50137 | 2273 49012 | 2400 47919 | 2532 46856 | 2667 
23 51275 | 2151 50117 | 2275 48993 | 2403 47901 | 2534 46839 | 2669 
51255 | 2153 50098 | 2277 48975 | 2405 47883 | 2536 46821 | 2672 
24 51236 | 2155 50080 | 2279 48957 | 2407 47865 | 2539 46804 | 2674 
51216 | 2157 50061 | 2281 48938 | 2409 47847 | 2541 46786 | 2676 
25 51197 | 2159 50042 | 2283 48920 47829 | 2543 46769 | 2678 
51177 | 2161 50023 | 2285 48901 47811 | 2545 46751 | 2681 
26 51158 | 2163 50004 | 2287 47793 | 2547 46734 | 2683 
51138 | 2165 49985 | 2290 47775 | 2550 46716 | 2685 
27 51119 | 2167 49966 | 2292 47758 | 2552 46699 | 2688 
51099 | 2169 49947 | 2294 47740 | 2554 46682 | 2690 
28 51080 | 2171 49928 | 2296 47722 | 2556 46664 | 2692 
51060 | 2173 49909 | 2298 47704 | 2559 46647 | 2694 
29 51041 | 2175 49890 | 2300 47686 | 2561 46630 | 2697 
51021 | 2177 49871 | 2302 47668 | 2563 | 46612 | 2699 
30 51002 | 2179 49852 | 2304 48736 | 2433 47650 | 2565 46595 | 2701 
A B A B A B A B A B 
. 160° 07 
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TABLE 35 
The Ageton Method 


When Meridian Angle is Greater Than 90° Take “K” From Bottom of Table 


EO TC 

A B A B A B A B 
45567 | 2841 42642 
45551 | 2844 42627 
45534 | 2846 42611 
45517 | 2848 42596 
45500 | 2851 42580 
45483 | 2853 42564 
45466 | 2855 42549 
45449 | 2858 42533 
45433 | 2860 42518 
45416 | 2862 42502 
45399 | 2865 42486 
45382 | 2867 42471 
45365 | 2870 42455 
45348 | 2872 42440 
45332 | 2874 3 42424 
45315 | 2877 42409 
45298 | 2879 42393 
45281 | 2881 42378 
45265 | 2884 42362 
45248 | 2886 42347 
45231 | 2889 42331 
45214 | 2891 42316 
45198 | 2893 42300 
45181 | 2896 42285 
45164 | 2898 42269 
45147 | 2901 42254 
45131 | 2903 42238 
45114 | 2905 42223 
45097 | 2908 42207 
45081 | 2910 42192 
45064 | 2913 42176 
45047 | 2915 42161 
45031 | 2917 42145 
45014 | 2920 42130 
44997 | 2922 42115 
44981 | 2924 42099 
44964 | 2927 42084 
44947 | 2929 42068 
44931 | 2932 42053 
44914 | 2934 42038 
44898 | 2936 42022 
44881 | 2939 42007 
44864 | 2941 41991 
44848 41976 
44831 41961 
44815 41945 
44798 41930 
44782 41915 
44765 41899 
44748 41884 
44732 41869 
44715 41853 
44699 41838 
44682 41823 
44666 41808 
44649 41792 
44633 41777 
44616 41762 
44600 41746 
44583 41731 
44567 41716 

A 
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TABLE 35 
The Ageton Method 


Always Take “Z” From Bottom of Table, Except When “K” is Same Name and Greater 
Than Latitude, in Which Case Take “Z” From Top of Table 


a) 


oo N GO oO ey WwW WY 


37951 
37937 
37924 
37910 


37732 
37718 
37704 
37691 
37677 
37663 
37650 
37636 
41051 37623 
41036 37609 
41021 37595 
41006 37582 


40991 
40976 
40961 
40946 | 3573 
40931 | 3576 
40916 | 3579 
40902 | 3581 
40887 | 3584 | 40003 | 38297 
40872 | 3587 37459 
40857 | 3589 37446 
40842 | 3592 37432 
40827 | 3595 __ 37419 | 4269. 
40812 | 3597 37405 _ 

A B 
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TABLE 35 
The Ageton Method 


When Meridian Angle is Greater Than 90° Take “K” From Bottom of Table 


A B B 
36602 | 4451 
36588 | 4454 
36575 | 4457 
36562 | 4460 
36549 | 4463 
36535 | 4466 
36522 | 4469 
36509 | 4472 
36496 | 4475 
36483 | 4478 
36469 | 4481 

4484 
4487 
4490 
4493 
4496 
4499 
4503 
4506 
4509 


35404 
35391 
35378 
35365 


35353 
35340 
35327 
356314 
35302 
35289 
35276 
35263 
35251 
35238 
35225 
35212 
35200 
35187 
35174 
35161 
35149 
35136 
35123 
35111 
35098 
35085 
35073 
35060 
35047 
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TABLE 35 
The Ageton Method 


Always Take “Z” From Bottom of Table, Except When “K” is Same Name and Greater 
Than Latitude, in Which Case Take “Z” From Top of Table 


33559 
33547 
33535 
33523 


5207 
5210 
5214 
5217 


33511 
33499 
33487 
33475 


33462 


33450 
33438 
33426 


5220 
5224 
5227 
5230 


33414 
33402 
33390 
33378 


33366 


33354 
33342 
33330 


33318 
33306 
33293 
33281 


33269 


33257 
33245 


33233 


33221 
33209 
33197 
33185 


33173 


33161 
33149 
33137 


33125 
33113 
33101 
33089 


33077 
33065 
33054 
33042 


33030 
33018 
33006 
32994 


32982 
32970 
32958 
32946 


32274 
32262 
32250 
32239 


32934 
32922 
32910 
32898 


32887 


32875 
32863 
32851 


32227 
32215 
32204 
32192 


31500 


32180 
32169 
32157 
32145 


31488 
31477 
31466 
31454 


32839 


A 


32134 
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31443 


A 
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151° 30’ 


A 
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TABLE 35 
The Ageton Method 


30° 00’ 
B A 
6247 | 29453 
6251 | 29442 
6254 | 29432 
6258 | 29421 
6262 | 29410 
6265 | 29399 
6269 | 29389 
6273 | 29378 
6276 | 29367 
6280 | 29357 
6284 | 29346 
6287 | 29335 f 
6291 | 29325 27458 
6294 | 29314 27448 
6298 | 29303 27438 
6302 | 29293 27428 
6305 | 29282 28027 
6309 | 29271 28017 
6313 | 29261 28006 
6316 | 29250 27996 
29239 27986 
29229 27976 
29218 27965 
29207 | 27955 
29197 27945 27337 
29186 27935 27327 
29175 27925 27317 
29165 27914 27307 
29154 27904 27297 
29144 27894 27287 
29133 | 27884 FEIT T 
29122 27874 27267 
29112 27863 27257 
29101 1 27853 27247 
29091 27843 27237 
29080 27833 27227 
29069 28440 27823 27217 
29059 | 28429 27812 | 27207 | 
29048 23419 27802 27197 
29038 28409 27792 S718 
29027 28398 27782 27177 
29016 28388 27772 27167 
29006 28378 27761 27157 
28995 | 28367 27751 | 7091 | 27147 
28985 | 28357 | 6862 | 27741 27137 
28974 28346 27731 | 27127 
28964 28336 2721 27117 
28953 28326 27711 27107 
28942 28315 27701 27098 
28932 28305 27690 27088 
28921 5 | 28295 35 | 27680 27078 
28911 59 | 28284 | 27670 27068 
28900 28274 
28890 28264 
28879 | 28253 
28869 | 28243 
28858 28233 
28848 28222 
28837 28212 
28827 28202 
28816 3] 28191 
A A 
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TABLE 35 
The Ageton Method 


B 


B 


34° 30’ 


A 


B 


347 


7397 
7401 
7405 
7409 


7889 
7893 
7898 
7902 


7413 
TAIT 
7421 
7425 


7906 
7910 
7914 
7919 


24687 
24678 
24669 
24660 


24650 


24641 
24632 
24623 


8401 
8405 
8409 
8414 


7429 
7433 
7437 
7441 


7923 
7927 
7931 
7935 


24614 
24605 
24595 
24586 


7445 
7449 
7453 
7458 


26273 
26263 
26253 
26244 


7940 
7944 
7948 
7952 


24577 
24568 
24559 
24550 


7462 
7466 
7479 
TAT4 


26234 
26224 
26214 
26205 


7956 
7961 
7965 
7969 


24540 
24531 
24522 
24513 


26781 
26771 
26761 
26751 


7478 
7482 
7486 
7490 


26195 
26185 
26176 
26166 


26741 
26731 
26722 
26712 


7494 
7498 
7502 
7506 


26157 
26147 
26137 
26128 


7510 
7514 
7518 
7522 


26118 
26108 
26099 
26089 


25545 
25536 
25526 
25517 


7973 
7977 
7982 
7986 


24504 
24495 
24486 
24477 


7990 
7994 
7998 
8003 


24467 
24458 
24449 
24440 


8007 
8011 
8015 
8020 


26079 
26070 
26060 
26051 


26041 
26031 
26022 
26012 


25507 
25498 
25488 
25479 
25469 
25460 
25451 
25441 


8024 
8028 
8032 
8037 


24946 
24936 
24927 
24918 


24909 
24899 
24890 
24881 


7559 
7563 
7567 
7571 


26002 
25993 
25983 
25974 


25432 
25422 
25413 
25403 


24872 
24862 
24853 
24844 | 


7575 
7579 
7584 
75838 


25964 
25954 
25945 
25935 | 7835 


25394 
25385 
25375 
25366 


24835 
24825 
24816 
24807 


7592 
7596 
7600 
7604 


25926 | 7839 
25916 | 7843 


25907 | 7848 


25897 | 7852 


25356 
25847 
25338 
25328 


24798 

24788 
24779 
24770 


7608 


7612 | 


7616 
7620 


25887 | 7856 
25878 | 7860 
25868 | 7864 
25859 | 7868 


7625 
7629 
7633 
7637 


25849 | 7873 
25840 | 7877 
25830 | 7881 
25821 | 7885 


25319 
25309 
25300 
25291 


8108 
8113 
8117 
8121 


24761 
24752 
24742 
24733 


25281 
25272 
25263 
25253 


8125 
8130 
8134 
8138 


24724 
24715 
24706 
24696 


7641 


25811 | 7889 


25244 


8143 


24687 


B 


A B 


A 


B 


A 


147° 00’ 


146° 30’ 


146° 00’ 


145° 30’ 


145° 00’ 
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TABLE 35 
The Ageton Method 


When Meridian Angle is Greater Than 90° Take “K” From Bottom of Table 


35° 00’ 35° 30/ 36° 00’ 36° 30’ 37° 00’ 

A B A B A B A B A B 
24141 | 8663 | 23605 | 8931 23078 | 9204 22561 | 9482 | 22054 9765 
24132 | 8668 | 23596 | 8936 | 23069 | 9209 | 22553 | 9487 | 22045 | 9770 
24123 | 8672 | 23587 | 8940 | 23061 | 9213 | 22544 | 9492 | 22037 9775 
24114 | 8677 | 23578 | 8945 | 23052 | 9218 22536 | 9496 | 22029 9779 


24105 | 8681 23569 | 8949 23043 | 9223 22527 | 9501 | 22020 9784 
24096 | 8686 | 23560 | 8954 23035 | 9227 22519 | 9505 | 22012 9789 
24087 | 8690 23551 | 8958 23026 | 9232 22510 | 9510 | 22003 9794 
24078 | 8694 23543 | 8963 23017 | 9236 22501 | 9515 | 21995 9798 


24069 | 8699 | 23534 | 8967 23009 | 9241 22493 | 9520 | 21987 9803 
24060 | 8703 23525 | 8972 23000 | 9246 | 22484 | 9524 | 21978 9808 
24051 | 8708 | 23516 | 8976 22991 | 9250 22476 | 9529 | 21970 9813 
24042 | 8712 | 23507 | 8981 22983 | 9255 22467 | 9534 | 21962 9818 
24033 | 8717 23498 | 8986 22974 | 9259 22459 | 9538 | 21953 9822 
24024 | 8721 23490 | 8990 22965 | 9264 22450 | 9543 | 21945 9827 
24015 | 8726 | 23481 | 8995 22957 | 9269 | 22442 | 9548 | 21937 9832 
24006 | 8730 | 23472 | 8999 22948 | 9273 22433 | 9552 | 21928 9837 
23997 | 8734 23463 | 9004 22939 | 9278 22425 | 9557 | 21920 9841 
23988 | 8739 | 23454 | 9008 22931 | 9282 22416 | 9562 | 21912 | 9846 
23979 | 8743 | 23446 | 9013 22922 | 9287 22408 | 9566 } 21903 9851 
23970 | 8748 | 23437 | 9017 22913 | 9292 22399 | 9571 | 21895 9856 
23961 | 8752 23428 | 9022 22905 | 9296 22391 21887 9861 
23952 | 8757 23419 | 9026 22896 | 9301 22382 21878 | 9865 
23943 | 8761 23410 | 9031 22887 | 9305 22374 21870 9870 
23934 | 8766 } 23402 | 9035 22879 | 9310 22366 } 21862 9875 
23925 | 8770 | 23393 | 9040 22870 | 9315 22357 21853 9880 
23916 | 8775 | 23384 | 9044 22862 | 9319 | 22349 21845 9885 
23907 | 8779 | 23375 | 9049 22853 | 9324 22340 21837 9889 
23898 | 8783 | 23366 | 9054 22844 | 9329 22332 21828 9894 
23889 | 8788 | 23358 | 9058 22836 | 9333 22323 21820 9899 
23880 | 8792 | 23349 | 9063 22827 | 9338 22315 21812 9904 
23871 | 8797 23340 | 9067 22818 | 9342 22306 21803 9909 
23863 | 8801 25331 | 9072 22810 | 9347 22298 21795 | 9913 
23854 | 8806 | 23323 | 9076 22801 | 9352 22289 21787 9918 
23845 | 8810 | 23314 | 9081 22793 | 9356 22281 21778 | 9923 
23836 | 8815 | 23305 | 9085 22784 | 9361 22272 21770 9928 
23827 | 8819 | 23296 | 9090 22775 | 9366 | 22264 21762 9933 
23818 | 8824 23288 | 9094 22767 | 9370 22256 21754 9937 
23809 | 8828 | 23279 | 9099 22758 | 9375 22247 21745 9942 
23800 | 8833 | 23270 | 9104 22750 | 9380 22239 21737 9947 
23791 | 8837 | 23261 | 9108 22741 | 9384 22230 21729 9952 
23782 | 8842 | 23252 | 9113 22732 | 9389 22222 21720 9957 
23773 | 8846 | 23244 | 9117 22724 | 9394 22213 21712 9962 
23764 | 8850 | 23235 | 9122 22715 | 9398 22205 21704 9966 
23755 | 8855 23226 | 9126 22707 | 9403 22197 21696 9971 
23747 | 8859 | 23218 | 9131 22698 | 9407 22188 21687 9976 
23738 | 8864 23209 | 9136 22690 , 9412 | 22180 21679 9981 
23729 | 8868 | 23200 | 9140 22681 | 9417 22171 21671 9986 
23720 | 8873 | 23191 | 9145 22672 | 9421 22163 21662 9990 
23711 | 8877 23183 | 9149 22664 | 9426 22154 21654 9995 
23702 | 8882 | 23174 | 9154 22655 | 9431 22146 21646 | 10000 
23693 | 8886 | 23165 | 9158 22647 22138 21638 | 10005 
23684 | 8891 23156 | 9163 22638 22129 21629 | 10010 
23675 | 8895 23148 | 9168 22630 22121 21621 | 10015 
23667 | 8900 | 23139 | 9172 22621 22112 21613 | 10019 
23658 | 8904 23130 | 9177 22612 i 22104 21605 | 10024 
23649 | 8909 | 23122 | 9181 22604 22096 21596 | 10029 


23640 | 8913 | 23113 | 9186 | 22595 22087 21588 | 10034 
23631 | 8918 | 23104 | 9190 | 22587 | 22079 21580 | 10039 
23622 | 8922 | 23095 | 9195 | 22578 22070 21572 | 10044 
23613 | 8927 | 23087 | 9200 | 22570 22062 | 21563 | 10049 
30 | 23605 | 8931 | 23078 | 9204 | 22561 22054 21555 | 10053 

A B A B A | A A B 
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TABLE 35 
The Ageton Method 


Always Take “Z” From Bottom of Table, Except When “K” is Same Name and Greater 
Than Latitude, in Which Case Take “Z” From Top of Table 


37° 30’ 38° 00! 38° 30/ 39° 00’ 39° 30’ 

B A B A B B A B 
21555 | 10053 | 21066 | 10347 | 20585 | 10646 10950 | 19649 | 11259 
21547 | 10058 | 21058 | 10352 | 20577 | 10651 10955 | 19641 | 11265 
21539 | 10063 | 21050 | 10357 | 20569 | 10656 10960 | 19634 | 11270 
21531 | 10068 | 21042 | 10362 | 20561 | 10661 10965 | 19626 | 11275 
21522 | 10073 | 21033 | 10367 10666 10970 | 19618 | 11280 
21514 | 10078 | 21025 | 10372 10671 10975 | 19611 | 11285 
21506 | 10082 | 21017 | 10376 10676 10980 | 19603 | 11291 
21498 | 10087 | 21009 | 10381 | 10681 10986 | 19595 | 11296 
21489 | 10092 | 21001 | 10386 10991 } 19588 
21481 | 10097 | 20993 | 10391 10996 | 19580 
21473 | 10102 | 20985 | 10396 11001 | 19572 
21465 | 10107 | 20977 | 10401 11006 | 19565 
21457 | 10112 | 20969 | 10406 20019 | 11011 | 19557 
21448 | 10116 | 20961 | 10411 20012 | 11016 | 19549 
21440 | 10121 | 20953 | 10416 20004 | 11021 | 19541 
21432 | 10126 | 20945 | 10421 19996 | 11027 | 19534 
21424 | 10131 | 209387 | 10426 
21416 | 10136 | 20929 | 10431 
21407 | 10141 | 20921 | 10436 
21399 | 10146 | 20913 | 10441 
21391 | 10151 | 20905 | 10446 
21383 | 10155 | 20897 | 10451 
21375 | 10160 | 20888 | 10456 
21367 | 10165 | 20880 | 10461 
21358 | 10170 | 20872 | 10466 
21350 | 10175 | 20864 | 10471 
21342 | 10180 | 20856 | 10476 
21334 | 10185 | 20848 | 10481 
21326 | 10190 | 20840 | 10486 
21318 | 10195 | 20832 | 10491 
21309 | 10199 | 20824 | 10496 
21301 | 10204 }| 20816 | 10500 
21293 | 10209 | 20808 | 10505 
21285 | 10214 | 20800 | 10510 
21277 | 10219 | 20792 | 10515 
21269 | 10224 | 20784 | 10520 
21260 | 10229 | 20776 | 10525 | 20301 
21252 | 10234 | 20768 | 10530 | 20293 
21244 | 10239 | 20760 | 10535 | 20285 
21236 | 10243 | 20752 | 10540 | 20277 
21228 | 10248 | 20744 | 10545 | 20269 
21220 | 10253 | 20736 | 10550 | 20261 
21212 | 10258 | 20728 | 10555 | 20254 
21204 | 10263 | 20720 | 10560 | 20246 
21195 | 10268 } 20712 | 10565 | 20238 
21187 | 10273 } 20704 | 10570 | 20230 
21179 | 10278 | 20696 | 10575 | 20222 
21171 | 10283 | 20688 | 10580 | 20214 
21163 | 10288 | 20680 | 10585 | 20207 
21155 | 10293 | 20672 | 10590 | 20199 
21147 | 10298 | 20665 | 10595 | 20191 
21139 | 10302 | 20657 | 10600 | 20183 
21131 | 10307 | 20649 | 10605 | 20175 
21122 | 10312 | 20641 | 10610 | 20167 
21114 | 10317 | 20633 | 10615 } 20160 
21106 | 10322 | 20625 | 10620 | 20152 
21098 | 10327 | 20617 | 10625 
21090 | 10332 | 20609 | 10630 
21082 | 10337 | 20601 | 10635 
21074 | 10342 | 20593 | 10640 


21066 | 10347 | 20585 | 10646 
A B A B 
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TABLE 35 
The Ageton Method 


When Meridian Angle is Greater Than 90° Take “K” From Bottom of Table 


1F 0 

A B A B f 
17873 | 12554 | 17449 | 12893 30 
17866 | 12560 | 17442 | 12898 
17859 | 12566 | 17435 | 12904 29 
17852 | 12571 | 17428 | 12910 


17845 | 12577 | 17421 | 12915 | 28 
17838 | 12582 | 17414 | 12921 
17831 | 12588 | 17407 | 12927] 27 
17824 | 12593 | 17400 | 12932 
17816 | 12599 | 17393 | 129388 | 26 
17809 | 12605 | 17386 | 12944 
17802 | 12610 | 17379 | 12950 | 25 
17795 | 12616 | 17372 | 12955 

| 17788 | 12622 [17365 | 12961 | 24 
17781 | 12627 | 17358 | 12967 
17774 | 12633 | 17351 | 12972 | 23 
17767 | 12638 | 17344 | 12978 
17760 | 12644 [17337 | 12984 | 22 
17752 | 12650 | 17330 | 12990 
17745 | 12655 | 17323 | 12995 | 21 
17738 | 12661 | 17316 | 13001 
17731 | 12667 | 17309 | 13007 | 20 
17724 | 12672 | 17302 | 13012 
17717 | 12678 | 17295 | 13018 | 19 
17710 | 12683 | 17288 | 13024 
17703 | 12689 | 17281 | 13030 | 18 
17696 | 12695 | 17274 | 13035 
17689 | 12700 | 17267 | 13041 | 17 
17681 | 12706 | 17260 | 13047 
17674 | 12711 [17253 | 13053 | 16 
17667 | 12717 | 17246 | 13058 
17660 | 12723 | 17239 | 13064] 15 
17653 | 12728 | 17232 | 13070 

| 17646 | 12734 | 17225 | 13075 | 14 
17639 | 12740 | 17218 | 13081 
17632 | 12745 | 17212 | 13087 
17625 | 12751 | 17205 | 13093 
17618 | 12757 | 17198 | 13098 
17611 | 12762 | 17191 | 13104 
17604 | 12768 | 17184 | 13110 
17597 | 12774 | 17177 | 13116 
17590 | 12779 | 17170 | 43121 
17583 | 12785 | 17163 | 13127 
17575 | 12790 | 17156 | 13133 
17568 | 12796 | 17149 | 13139 
17561 | 12802 | 17142 | 13144 
| 17554 | 12807 | 17135 | 13150 
17547 | 12813 | 17128 | 13156 
17540 | 12819 | 17121 | 13162 
17533 | 12824 [17114 | 13168 
17526 | 12830 | 17108 | 13173 
17519 | 12836 | 17101 | 13179 
17512 | 12841 | 17094 | 13185 
17505 | 12847 | 17087 | 13191 
17498 | 12853 | 17080 | 13196 
17491 | 12859 | 17073 | 13202 
17484 | 12864 | 17066 | 13208 
17477 | 12870 | 17059 | 13214 
17470 | 12876 | 17052 | 13220 
17463 | 12881 | 17046 | 13225 
17456 | 12887 | 17039 | 13231 
18746 | 11895 17449 | 12893 | 17032 | 13237 


A B A B A B A B aC ilps 


11831 | 
11836 | 
11842 
11847 
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A B A B 
17032 
17025 
17018 
17011 


TABLE 35 
The Ageton Method 


Always Take “Z” From Bottom of Table, Except When “K” is Same Name and Greater 
Than Latitude, in Which Case Take “Z” From Top of Table 


43° 30’ 


A 
16219 
16212 
16205 
16199 


B 
13944 
13950 
13956 
13962 


17004 
16997 
16990 
16983 


16192 
16186 
16179 
16172 


13968 
13974 
13980 
13986 


16977 
16970 
16963 
16956 


13992 
13998 
14004 
14010 


16949 
16942 
16935 
16928 
16922 
16915 
16908 
16901 
16894 
16887 
16880 
16874 


16867 
16860 
16853 
16846 
16839 
16833 
16826 
16819 


16812 
16805 
16798 
16792 
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16785 
16778 
16771 
16764 
16757 
16751 
16744 
16737 


16730 
16723 
16717 
16710 


15434 | 14676 


A B 
135° 30’ 
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TABLE 35 
The Ageton Method 


When Meridian Angle is Greater Than 90° Take “K” From Bottom of Table 


45° 30! 46° 00/ 
A B A Bee a B 
14676 | 15434 | 14307 | 15823 | 13944 | 16219 
| 14670 | 15440 | 14300 | 15829 | 13938 | 16225 
14663 | 15447 | 14294 | 15836 | 13932 | 16232 
14657 | 15453 | 14288 | 15842 | 13926 | 16239 


14651 | 15459 | 14282 | 15849 | 13920 | 16245 
14645 | 15466 | 14276 | 15856 | 13914 | 16252 
14639 | 15472 | 14270 | 15862 | 13908 | 16259 
14632 | 15479 | 14264 | 15869 | 13902. | 16265 


14258 | 15875 | 13896 | 16272 
14252 | 15832 § 13890 | 16279 
14246 | 15888 | 13884 | 16285 
14240 | 15895 | 13878 | 16292 
14233 | 15901 | 13872 | 16299 
14227 | 15908 | 13866 | 16305 
14221 | 15915 | 13860 | 16312 
14215 | 15921 | 13854 | 16319 
14209 | 15928 | 13848 | 16325 
14203 | 15934 | 13842 | 16332 
14197 | 15941 | 13836 | 16339 
14191 | 15947 | 13830 | 16346 
14185 | 15954 | 13824 | 16352 
14179 | 15961 | 13818 | 16359 
14173 | 15967 | 13812 | 16366 
14167 | 15974 | 13806 | 16372 
14161 | 15980 | 13800 | 16379 
14155 | 15987 | 13794 | 16386 
14149 | 15994 | 13788 | 16392 


14142 | 16000 | 13783 | 16399 


14136 | 16007 | 13777 | 16406 
14130 | 16013 | 13771 | 16413 
14124 | 16020 ] 13765 | 16419 
14118 | 16027 | 13759 | 16426 
14112 | 16033 | 13753 | 16433 
14106 | 16040 | 13747 | 16439 
14100 | 16046 | 13741 | 16446 
14094 | 16053 | 13735 | 16453 
15280 14088 | 16060 | 13729 | 16460 
15286 14082 | 16066 | 13723 | 16466 
15293 § 14076 | 16073 | 13717 | 16473 
15299 14070 | 16079 } 13711 | 16480 
15306 15692 | 14064 | 16086 7 13705 | 16487 
15312 15699 | 14058 | 16093 }| 18699 | 16493 
15318 15705 | 14052 | 16089 | 13694 | 16500 
15325 15712 | 14046 | 16105 | 13688 | 16507 
15331 14040 | 16112 | 13682 | 16513 
15338 14034 | 16119 | 18676 | 16520 
15344 14028 | 16126 | 13670 | 16527 
15350 14022 | 16132 | 13664 | 16534 
14016 | 16139 | 13658 | 16540 
14010 | 16146 | 138652 | 16547 
14004 | 16152 | 18646 | 16554 
13998 | 16159 13640 | 16561 
13992 | 16166 | 13634 | 16567 
13986 | 16172 | 138628 | 16574 
13980 | 16179 | 18623 | 16581 
13974 | 16185 | 13617 | 16588 
13968 | 16192 | 13611 | 16595 
13962 | 16199 | 13605 | 16601 
13956 | 16205 | 138599 | 16608 } 
13950 | 16212 | 13593 | 16615 
13944 | 16219 | 18587 | 16622 | 
| A B A B 
134° 30’ 133° 30’ 133° 00’ 


A 
13237 
13231 
13225 
13220 


B 


17032 


17039 
17045 
17052 


TABLE 35 
The Ageton Method 


Always Take “Z” From Bottom of Table, Except When “K” is Same Name and Greater 
Than Latitude, in Which Case Take “Z” From Top of Table 


49° 30’ 


12893 
12887 
12881 
12876 


13214 
13208 
13202 
13196 


17059 
17066 
17073 
17080 


12870 
12864 
12859 
12853 


13191 
13185 
13179 
13173 


17087 
17094 
17101 
17108 


12847 
12841 
12836 
12830 
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13168 
13162 
13156 
13150 
13144 
13139 
13133 
13127 


17114 
17121 
17128 
17135 
17142 
17149 
17156 
17163 


12824 
12819 
12813 
12807 


12802 
12796 
12790 
12785 
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13121 
13116 
13110 
13104 


17170 
17177 
17184 
17191 


12779 
12774 
12768 
12762 


13098 
13093 
13087 
13081 


“17198 


17205 
17212 
17218 


12757 
12751 
12745 
12740 


13075 
13070 
13064 
13058 


17225 
17232 
17239 
17246 


12734 
12728 
12723 
12717 
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13053 
13047 
13041 
13035 


17253 
17260 
17267 
17274 


12711 
12706 
12700 
12695 


13030 
13024 
13018 
13012 
13007 
13001 
12995 
12990 


17281 
17288 
17295 


17302 | 


17309 
17316 
17323 
17330 


12689 
12683 
12678 
12672 
12666 
12661 
12655 
12650 
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12984 
12978 
12972 
12967 


17337 
17344 
17351 
17358 


12644 
12638 
12633 
12627 


12961 
12955 
12950 
12944 


17365 
17372 
17379 
17386 


12622 
12616 
12610 
12605 


12938 
12932 
12927 
12921 


17393 | 


17400 
17407 
17414 


12599 
12593 
12588 
12582 


No 
o Oo 


17421 
17428 
17435 
17442 


12577 
12571 
12566 
12560 


icy) 
=) 


17449 


12554 


TABLE 35 
The Ageton Method 


When Meridian Angle is Greater Than 90° Take “K” From Bottom of Table 


51° 30’ 
WB A B 


50° 00’ 50° 30’ 51° 00’ 

f ih B A B A B 

O | 11575 | 19193 | 11259 | 19649 | 10950 | 20113 
11569 | 19201 | 11254 | 19657 }| 10945 | 20121 
11564 | 19208 | 11249 | 19664 | 10939 | 20128 
11559 | 19216 | 11244 | 19672 | 10934 | 20136 
11553 | 19223 | 11239 | 19680 | 10929 | 20144 
11548 | 19231 | 11233 | 19687 | 10924 | 20152 
11543 | 19238 | 11228 | 19695 | 10919 | 20160 
11537 | 19246 | 11223 | 19703 | 10914 | 20167 


11532 | 19253 | 11218 | 19710 | 10909 | 20175 
11527 | 19261 | 11213 | 19718 | 10904 | 20183 
11522 | 19269 | 11207 | 19726 | 10899 | 20191 
11516 | 19276 | 11202 | 19733 | 10894 | 20199 
11511 | 19284 | 11197 | 19741 } 10888 | 20207 
11506 | 19291 7 11192 | 19749 | 10883 | 20214 
11501 | 19299 | 11187 | 19756 | 10878 | 20222 
11495 | 19306 | 11181 | 19764 | 10873 | 20230 
11490 | 19314 | 11176 | 19772 | 10868 | 20238 
11485 | 19321 | 11171 | 19779 | 10863 | 20246 
11479 | 19329 | 11166 | 19787 } 10858 | 20254 
11474 | 19337 | 11161 | 19795 | 10853 | 20261 
10 | 11469 | 19344 | 11156 | 19803 | 10848 | 20269 
11464 | 19352 | 11150 | 19810 | 10843 | 20277 
11 | 11458 | 19359 | 11145 | 19818 | 10838 | 20285 
11453 | 19367 | 11140 | 19826 | 10832 | 20293 
12 | 11448 | 19375 | 11135 | 19834 | 10827 | 20301 
11443 | 19382 | 11130 | 19841 | 10822 | 20308 
13 | 11437 | 19390 | 11124 | 19849 | 10817 | 20316 
11432 | 19397 | 11119 | 19857 | 10812 | 20324 
14 | 11427 | 19405 | 11114 | 19864 }| 10807 | 20332 
11421 | 19412 | 11109 | 19872 | 10802 | 20340 
15 | 11416 | 19420 | 11104 | 19880 | 10797 | 20348 
11411 | 19428 | 11099 | 19888 | 10792 | 20356 
16 | 11406 | 19435 | 11094 | 19895 | 10787 | 20364 
11400 | 19443 | 11088 | 19903 | 10782 | 20371 
17 | 11395 | 19450 | 11083 | 19911 | 10777 | 20379 
11390 | 19458 | 11078 | 19918 | 10772 | 20387 
18 | 11385 | 19466 | 11073 | 19926 | 10767 | 20395 
11380 | 19473 | 11068 | 19934 | 10761 | 20403 
19 | 11374 | 19481 | 11063 | 19942 | 10756 | 20411 
11369 | 19488 | 11057 | 19949 | 10751 | 20419 
20 | 1364 | 19496 | 11052 | 19957 | 10746 | 20427 
11359 | 19504 | 11047 | 19965 | 10741 | 20435 
21 | 11353 | 19511 | 11042 | 19973 | 10736 | 20442 
11348 | 19519 | 11037 | 19980 | 10731 | 20450 
22 | 11343 | 19527 | 11032 | 19988 | 10726 | 20458 
11338 | 19534 | 11027 | 19996 | 10721 | 20466 
23 | 113832 | 19542 | 11021 | 20004 | 10716 | 20474 
11327 | 19549 | 11016 | 20012 | 10711 | 20482 
24 | 11322 | 19557 | 11011 | 20019 | 10706 | 20490 
11317 | 19565 | 11006 | 20027 | 10701 | 20498 
25 | 11311 | 19572 | 11001 | 20035 | 10696 | 20506 
11306 | 19580 | 10996 | 20043 | 10691 | 20514 
26 | 11301 | 19588 | 10991 | 20050 | 10686 | 20522 
11296 | 19595 | 10986 | 20058 | 10681 | 20529 
27 | 11291 | 19603 | 10980 | 20066 | 10676 | 20537 
11285 | 19611 | 10975 | 20074 | 10671 | 20545 
28 | 11280 | 19618 | 10970 | 20082 | 10666 | 20553 
11275 | 19626 | 10965 | 20089 | 10661 | 20561 
29 | 11270 | 19634 | 10960 | 20097 | 10656 | 20569 
11265 | 19641 | 10955 | 20105 | 10651 | 20577 
30 | 11259 | 19649 | 10950 | 20113 | 10646 | 20585 
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TABLE 35 
The Ageton Method 


Always Take “Z” From Bottom of Table, Except When ‘“K” is Same Name and Greater 
Than Latitude, in Which Case Take “Z” From Top of Table 


| sae so’ | sa oo’ 5a 30’ | sa oo] 30” 
A B A B A B A B A B 


356 


TABLE 35 
The Ageton Method 


When Meridian Angle is Greater Than 90° Take “K” From Bottom of Table 


55° 30’ 

B 
24687 
24696 
24706 
24715 
24724 
24733 
24742 
24752 
24761 
24770 
24779 
24788 
24798 
24807 
24816 
24825 
24835 
24844 
24853 
24862 


26820 
26830 
26840 
26850 
26860 
26869 
26879 
26889 
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TABLE 35 
The Ageton Method 


Always Take “Z” From Bottom of Table, Except When “K” is Same Name and Greater 
Than Latitude, in Which Case Take “Z” From Top of Table 


26978 ‘ 29453 
26988 2 29464 
26998 5 29475 
27008 29485 
27018 L 29496 
27028 29507 
27038 29517 
27048 29528 
7365 | 27058 29539 
7361 | 27068 29550 
7357 | 27078 29560 
7353 | 27088 29571 
27098 5 29582 
27107 29593 
27117 29604 
27127 29614 
27137 
27147 
27157 
27167 


27177 
27187 
27197 
27207 
27217 
27227 
27237 


27247 
27257 
27267 
27277 
27287 
27297 
27307 
27317 
27327 
27337 
27347 
27357 
27367 
27377 
27387 
27398 
27408 
27418 
27428 
27438 
27448 
27458 
27468 
27478 
27488 
27498 
27508 28119 
27518 28130 
27528 | 28140 
27539 28150 
27549 28161 
27559 28171 
27569 28181 
27579 28191 
B 
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TABLE 35 
The Ageton Method 


When Meridian Angle is Greater Than 90° Take “K” From Bottom of Table 


61° 00’ 61° 30’ 62° 00’ 
B A 

31443 5610 | 32134 
31454 5607 | 32145 
31466 5603 | 32157 
31477 5600 | 32169 
31488 | 5596 

31500 | 5593 

31511 5590 

31523 5586 

31534 5583 

31546 | 5579 

31557 5575 

31569 | 5572 

31580 

31591 

31603 

31614 

31626 

31637 

31649 

31660 

31672 

31683 

31694 

31706 

31717 

31729 

31740 
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31752 


_ 
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31763 
31775 
31786 
31798 
31809 
31821 
31833 
31844 
30499 31856 
30510 31867 
30521 31879 
30532 31890 
6102 | 30544 31902 
6098 | 30555 31913 
6095 | 30566 31925 
6091 | 30577 31936 
6088 | 30588 31948 
6084 | 30599 31960 
6080 | 30610 31971 
6077 | 30621 31983 
6073 | 30632 31994 32697 
6070 | 30643 32006 32709 
6066 | 30655 32018 32720 
6062 | 30666 32029 32732 
6059 | 30677 32041 32744 
6055 | 30688 32052 32756 
6052 | 30699 32064 32768 
6048 | 30710 32076 32780 
6045 | 30721 32087 32792 
6041 | 30733 32099 32803 
6037 | 30744 32110 32815 
6034 | 30755 32122 32827 
6030 | 30766 32134 32839 
A B B B 
119° 30’ 
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62° 30’ 


TABLE 35 


The Ageton Method 


Always Take “Z” From Bottom of Table, Except When “K” is Same Name and Greater 
Than Latitude, in Which Case Take “Z” From Top of Table 


63° 00’ 


63° 30’ 
B 


64° 00’ 


35047 
35060 
35073 
35085 


35098 
35111 
35123 
35136 


35149 
35161 
35174 
35187 


64° 30’ 


309 


35200 
35212 
35225 
35238 


35251 
35263 
35276 
35289 


35302 
35314 
35327 
35340 


35353 
35365 
35378 
35391 


360 


TABLE 35 
The Ageton Method 


When Meridian Angle is Greater Than 90° Take “K” From Bottom of Table 


65° 00’ 65° 30’ 66° 00’ 66° 30’ 67° 00/ 
A B A A 
4272 38227 | 3927 3760 
4269 38241 | 3924 3757 
4266 38255 | 3921 3755 
4264 38269 | 3918 3752 
4261 3916 3749 
4258 3913 3746 
4255 3910 3744 
4252 3907 3741 
4249 3738 
4246 3735 
4243 3733 
4240 3730 
4237 3727 
4234 3725 
4231 3722 
4228 3719 
4225 3716 
4222 3714 
4220 3711 
4217 3708 
4214 | 
4211 
4208 

___ | 4205 
4202 
4199 
4196 
4193 
4190 
4187 
4185 
4182 
4179 
4176 
4173 
4170 
4167 
4164 
4161 
4158 
4155 
4153 
4150 
4147 
4144 
4141 
4138 
4135 
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TABLE 35 
The Ageton Method 


Always Take “Z” From Bottom of Table, Except When “K” is Same Name and Greater 
Than Latitude, in Which Case Take “Z” From Top of Table 


362 


TABLE 35 
The Ageton Method 


When Meridian Angle is Greater Than 90° Take “K” From Bottom of Table 


47508 
47526 
47544 
47561 
47579 
47597 
47615 
47633 
47650 
B 
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TABLE 35 
The Ageton Method 


Always Take “Z” From Bottom of Table, Except When “K” is Same Name and Greater 
Than Latitude, in Which Case Take “Z” From Top of Table 


364 


TABLE 35 
The Ageton Method 


When Meridian Angle is Greater Than 90° Take “K” From Bottom of Table 


75° 00’ 75° 30/ 76° 00/ 76° 30’ 77° 00’ 
A B A B A B A B A B 
1506 | 58700 1406 | 60140 1310 | 61632 1217 | 63181 1128 | 64791 
1504 | 58724 1404 | 60164 1308 | 61658 1215 | 63208 1126 | 64819 
1502 | 58748 1403 | 60189 1306 | 61683 1214 | 63234 1125 | 64846 
1500 | 58771 1401 | 60213 1305 | 61709 1212 | 63260 1123 | 64873 


1499 | 58795 1399 | 60238 1303 | 61734 1211 | 63287 1122 | 64901 
1497 | 58818 1398 | 60262 1301 | 61759 1209 | 63313 1120 | 64928 
1495 | 58842 1396 | 60287 1300 | 61785 1208 | 63340 1119 | 64956 
1494 | 58866 1394 | 60311 1299 | 61810 1206 | 63366 1117 | 64983 


1492 | 58889 1393 | 60336 1297 | 61836 1205 | 63392 65011 
1490 | 58913 1391 | 60360 1295 | 61861 1203 | 63419 65038 
1489 | 58937 1390 | 60385 1294 | 61887 1202 | 63445 65066 
1487 | 58960 1388 | 60410 1292 | 61912 1200 | 63472 65093 


1485 | 58984 | 1386 ; 60434 | 1291 ; 61938 | 1199 | 63498 65121 
1484 | 59008 | 1385 | 60459 | 1289 | 61963] 1197 | 63525 65148 
1482 | 59032 | 1383 | 60483 | 1288 | 61989] 1196 | 63551 65176 
1480 | 59055 | 1381 | 60508 | 1286 | 62014] 1194 | 63578 65204 
1479 | 59079 | 1380 | 60533 | 1284 | 62040 | 1193 | 63605 65231 
1477 | 59103 | 1378 | 60557 | 1283 | 62065 | 1191 | 63631 65259 
1475 | 59127] 1377 | 60582] 1281 | 62091 | 1190 | 63658 65287 
1474 | 59151 | 1375 | 60607 | 1280 | 62117 | 1188 | 63684 65314 
1472 | 59175 | 1373 | 60631 | 1278 | 62142 | 1187 | 63711 65342 
1470 | 59198 | 1372 | 60656 | 1277 | 62168] 1185 | 63738 65370 
1469 | 59222 | 1370 | 60681 | 1275 | 62194 | 1184 | 63764 65398 
1467 | 59246 | 1368 | 60706 | 1274 | 62219 | 1182 | 63791 65425 
1465 | 59270 | 1367 | 60730 | 1272 | 62245 63818 65453 | 18 
1464 | 59294 | 1365 | 60755 | 1270 | 62271 63845 65481 
1462 | 59318 | 1364 | 60780 | 1269 | 62296 63871 65509 
1460 | 59342 | 1362 | 60805 | 1267 | 62322 63898 65537 
1459 | 59366 | 1360 | 60830 | 1266 | 62348 63925 65564 | 16 
1457 | 59390 | 1359 | 60855 | 1264 | 62374 63952 65592 
1455 | 59414 | 1357 | 60879 | 1263 | 62400 63978 65620 
1454 | 59438 | 1356 | 60904 | 1261 | 62425 64005 65648 
1452 | 59462 | 1354 | 60929 | 1260 | 62451 64032 65676 | 14 
1450 | 59486 | 1352 | 60954 | 1258 | 62477 64059 65704 
1449 | 59510 | 1351 | 60979 | 1257 | 62503 64086 65732 
1447 | 59534 | 1349 | 61004 | 1255 | 62529 64113 65760 
1445 | 59558 | 1348 | 61029 | 1253 | 62555 64140 65788 
1444 | 59582] 1346 | 61054] 1252 | 62581 64167 65816 
1442 | 59606] 1344 | 61079 | 1250 | 62607 64194 65844 
1440 | 59630 | 1343 | 61104 | 1249 | 62633 64221 65872 
1439 | 59654 | 1341 | 61129] 1247 | 62659 64248 65900 
1437 | 59679 | 1340 | 61154 | 1246 | 62685 64275 65928 | 
1435 | 59703 | 1338 | 61179 | 1244 | 62711 64302 65957 
1434 | 59727] 1336 | 61204 | 1243 | 62737 64329 65985 
1432 | 59751 | 1335 | 61229 | 1241 | 62763 64356 66013 
1430 | 59775 | 1333 | 61254 | 1240 | 62789 64383 66041 
1429 | 59800 | 1332 | 61279 | 1238 | 62815 64410 66069 
1427 | 59824 1 1330 | 61304 | 1237 | 62841 64437 66098 
1425 | 59848 | 1329 | 61330] 1235 | 62867 64464 66126 
1424 | 59872 | 1327 | 61355 | 1234 | 62893 64491 66154 
1422 | 59896 | 1325 | 61380] 1232 | 62919 64518 66182 
1421 | 59921 | 1324 | 61405 | 1230 | 62945 64546 66211 
1419 | 59945 | 1322 | 61430] 1229 | 62971 64573 66239 
1417 | 59969 | 1321 | 61456] 1227 | 62998 64600 66267 
1416 | 59994] 1319 | 61481] 1226 | 63024 64627 66296 
1414 | 60018 | 1317 | 61506 | 1224 | 63050 64655 66324 
1412 | 60042] 1316 | 61531 | 1223 | 63076 64682 66352 
1411 | 60067 | 1314 | 61556 | 1221 | 63103 64709 66381 
1409 } 60091 | 1313 | 61582] 1220 | 63129 64736 66409 
1407 | 60116 | 1311 | 61607] 1218 | 63155 64764 66438 
1406 | 60140 | 1310 | 61632 | 1217 | 63181 64791 66466 
A B A B A B B B 
104° 30’ 104° 00’ 103° 30’ 103° 00’ 102° 30’ 
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TABLE 35 
The Ageton Method 


Always Take “Z” From Bottom of Table, Except When ‘“K” is Same Name and Greater 
Than Latitude, in Which Case Take “Z” From Top of Table 


67272 
67301 | 
67330 
67359 
67383 
67417 
67447 
67476 
67505 
67534 
67563 
67593 
67622 
67651 
67681 
67710 
67739 
67769 
67798 
67828 
67857 
67886 
67916 
67945 
67975 
68005 
68034 
68064 
68093 
68123 
68153 
68182 
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TABLE 35 
The Ageton Method 


When Meridian Angle is Greater Than 90° Take “K” From Bottom of Table 


81° 30’ 

B 
83030 
83072 
83114 
83157 


76284 
76320 
76357 
76393 
76429 
76465 
76501 
76537 
76574 
76610 
76646 
76683 
76719 
76756 
76792 
76828 
76865 
76902 
76938 
76975 
77011 
77048 
77085 
77122 
77158 
77195 
77232 
77269 
77306 
77343 
77380 
T7417 
T7454 
77491 
77528 
77565 
77602 
77639 
T7677 
77714 
77751 
77788 
77826 
77863 
77901 
77938 80249 
77976 80288 
78013 80328 
78051 80368 
78088 

78126 

78164 

78201 

78239 

B 
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TABLE 35 
The Ageton Method 


Always Take “Z” From Bottom of Table, Except When “K” is Same Name and Greater 
Than Latitude, in Which Case Take “Z” From Top of Table 


101843 

101908 

101974 

102040 

102106 

102172 

102238 

102304 

102371 

102437 

102504 

102570 

102637 

102704 

102771 

102838 

99049 . 8 | 102905 
99111 . 2 | 102973 
99172 . 6 | 103040 
99234 | 189. 0 | 103107 
99296 4 | 103175 
99357 8 | 103243 
99419 2 | 103311 
99482 7 | 103379 
103447 

103515 

103583 

103651 

103720 

103788 

103857 

103926 

100044 -4 | 103995 
100107 . 8 | 104064 
100170 . 3 | 104133 
100233 7 | 104202 
104272 

104341 

0 | 104411 

100487 4 | 104480 
100550 8 | 104550 
100614 . 2 | 104620 
100678 . 7 | 104690 
100742 . 1 | 104760 
100806 104830 
100870 104901 
100934 4 | 104971 
100998 8 | 105042 
101063 3 | 105113 
101127 .7 | 105183 
101192 1 | 105254 
101256 . 6 | 105325 
101321 . 0 | 105397 
101386 . 5 | 105468 
101451 105539 
101516 105611 
101581 8 | 105683 
101646 2 | 105754 
101712 . 7 | 105826 
101777 . 0 | 105898 
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TABLE 35 
The Ageton Method 


When Meridian Angle is Greater Than 90° Take “K” From Bottom of Table 


85° 30’ 86° 30’ 

B B 
105970 110536 . 115641 121432 
106043 110616 . 115732 121536 
106115 110696 . 115823 121639 
106187 ; 110777 115913 121743 


106260 110858 116004 121848 
106333 : 110939 ‘ 116096 121952 
106406 111020 116187 122057 
106479 } 111101 ; 116278 122161 
106552 b 111183 ; 116370 122267 
106625 111264 i 116462 122372 
106698 111346 ; 116554 122478 
106772 : 111428 : 116647 122584 
106846 . 111510 ; 116739 122690 
106919 111592 . 116832 122796 
106993 6 111674 E 116925 122903 
107067 ; 111757 } 117018 123010 
107141 : 111839 ; 117112 123117 
107216 . 111922 117205 123225 
107290 : 112005 117299 123332 
107364 112088 : 117393 123441 
123549 
123657 
123766 
123875 
123985 
124095 
124204 
124315 
124425 
124536 
124647 
124759 
124870 
124982 
125094 
125207 
125320 
125433 
125546 
125660 
125774 
125888 
126003 
126118 
126233 
126349 
126465 
126581 
126697 
126814 
126931 
127049 
127166 
127284 
127403 
127521 
127640 
127760 
127880 
128000 
128120 


128120 
128241 
128362 
128483 


128605 
128727 
128849 
128972 


129095 
129218 
129342 
129466 
129591 
129716 
129841 
129967 
130093 
130219 
130346 
130473 
130600 
130728 
130856 
130985 
131114 
131243 
131373 
131503 
131633 
131764 
131896 
132027 
132159 
132292 
132425 
132558 
132692 
132826 
132961 
133096 
133231 
133367 
133503 
133640 
133777 
133914 
134052 
134191 | 
134330 
134469 
134609 
134749 
134890 
135031 
135173 
135315 
135457 
135600 
135744 
135888 
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107439 112171 5 117487 
107514 112255 . 117581 
107589 ‘ 112338 117676 
107664 s 112422 : 117771 
107739 : 112506 . 117866 
107814 112590 . 117961 
107890 112674 118056 


107965 : 112759 118152 
108041 . 112843 | 93. 118248 
108117 Y 112928 . 118344 
108193 3 113013 . 118440 
108269 : 113098 ; 118537 
108345 113183 , 118633 
108421 113269 2 118730 
108498 113354 3 118827 
108574 é 113440 ; 118925 
108651 113526 : 119022 
108728 : 113612 ; 119120 
108805 : 113699 : 119218 
108882 ! 113785 : 119316 
108960 113872 E 119415 
109037 113958 : 119513 
109115 114045 : 119612 
109192 ; 114133 : 119711 


109270 113. 1 | 114220 | 87. 4 | 119811 
109348 {112.7 | 114307 | 87.0 | 119910 
109426 |112. 2 | 114395 | 86.6 | 120010 
109505 {111.7 | 114483 | 86.2 | 120110 
109583 [111.3 | 114571 | 85.8 | 120211 
109662 |110. 8 | 114659 | 85. 4 | 120311 
109740 110. 4 | 114747 | 85.0 | 120412 
109819 |109. 9 | 114836 120513 
109898 }109. 5 | 114925 120614 
109978 109. 0 | 115014 | 83.8 | 120715 
110057 115103 | 83. 4 | 120817 
110136 ]108. 1 | 115192 }| 83.0 | 120919 
110216 107. 7 | 115282 | 82.6 | 121021 
110296 107. 3 | 115371 | 82.2 | 121124 
110375 |106. 8 | 115461 | 81.9 | 121226 
110455 |106. 4 | 115551 | 81.5 | 121329 

115641 | 81.1 | 121432 
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TABLE 35 
The Ageton Method 


Always Take “Z” From Bottom of Table, Except When “K” is Same Name and Greater 
Than Latitude, in Which Case Take “Z” From Top of Table 


87° 30’ 
hese 

136032 : 145718 158208 . 175814 , 205916 
136177 : 145899 158450 ; 176178 : 206646 
136322 : 146081 158693 . 176544 . 207388 
136468 . 146264 : 158938 176914 : 208143 
136615 . 146448 159184 . 177287 ; 208912 
136761 . 146632 159431 : 177663 : 209695 
136909 : 146817 : 159680 . 178042 210491 
137057 147003 | 13. 159930 . 178424 E 211303 
137205 147190 . 160182 . 178810 ; 212130 
137354 147377 : 160435 . 179200 E 212974 
137503 147566 : 160690 . 179593 : 213834 
137653 : 147755 ; 160946 . 5 | 179990 ; 214711 
137804 : 147945 : 161204 : 180390 : 215607 
137955 : 148135 h 161463 . 180794 : 216521 
138106 : 148327 . 161724 181201 : 217455 
138258 : 148520 : 161986 : 181613 ; 218409 
138411 , 148713 : 162250 182029 I 219385 
138564 ; 148907 : 162516 182448 } 220384 
138718 : 149103 2 162783 182872 } 221406 
138872 : 149299 : 163052 183300 . 222452 
139027 A 149495 : 163322 183732 . 223525 
139182 . 149693 4 163594 184168 : 224624 
139338 : 149892 : 163868 184609 ; 225752 
139494 : 150092 ; 164144 185055 ) 226910 
139651 : 150292 : 164422 185505 } 228100 
139809 : 150494 : 164701 185959 ; 229324 
139967 : 150696 . 164982 186419 ; 230583 
140125 } 150899 ; 165265 186883 hs 231879 
140285 . 151104 ; 165550 : 187353 ) 233215 
140445 i 151309 } 165836 ; 187827 } 234594 
140605 ; 151515 : 166125 : 188307 ; 236018 
140766 ) 151722 } 166415 : 188793 . 4 | 237491 
140928 : 151931 ) 166708 : 189283 } 239015 
141090 152140 167002 : 189780 : 240594 
141253 ! 152350 : 167298 : 190282 . 242233 
141417 ; 152561 ; 167597 : 190790 ; 243936 
141581 152774 ; 167897 H 191303 ! 245709 
141745 : 152987 : 168200 : 191824 . 247558 
141911 : 153201 : 168505 : 192350 : 249488 
142077 3 153417 } 168811 ; 192883 ! 251508 
142243 : 153633 : 169121 . 193422 } 253627 
142411 : 153851 : 169432 . 193969 } 255855 
142579 : 154070 169745 , 194522 : 258203 
142747 : 154290 : 170061 : 195082 ! 260685 
142916 g 154511 : 170379 . 195650 ; 263318 
143086 : 154733 170700 , 196225 . 266121 
143257 : 154956 \ 171023 : 196808 . 269118 
143428 : 155180 : 171348 E 197399 k 272336 
143600 155406 : 171676 ; 197998 } 275812 
143773 , 155633 ; 172006 : 198605 } 279591 
143946 . 155861 : 172339 , 199221 : 283730 
144120 : 156090 : 172674 ; 199846 ; 288306 
144295 . 156320 : 173012 . 200480 . 293421 
144470 . 156552 : 173352 : 201124 : 299221 
144646 . 156784 - 173696 b 201777 } 305915 
144823 ; 157019 : 174042 : 202440 ; 313833 
145000 . 157254 : 174391 ; 203113 ; 323524 
145179 . 157490 . 174742 . 203797 . 336018 
145358 . 157728 175097 : 204492 : 353627 
145538 : 157967 . 175454 : 205198 ) 383730 
145718 . 175814 : 205916 
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TW. 


Te°R. 
2216°R. 
37A°R. 
5212°R. 
67'2°E. 
8216°R. 
9712°R. 

112%°EH. 
127'2°R. 
142'6°R. 
157'2°R. 
172'4°R. 


NOTE.—G M T is indicated by 


to 
to 
to 
to 
to 
to 
to 


to 157%°E 
to 1724%2°E 


TABLE 36 


Time Zones. Zone Descriptions, and Suffixes 


Z 
Tee W xtore 222° W oe 


224°W. 
372° W. 
5242°W. 
67° W. 
82'2°W. 
Deze 
2 W 
12742°W. 
142'%2°W. 
1572°W. 
Wiz aw 
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are listed in The Nautical Almanac and The Air Almanac. 
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suffix Z. Standard times as kept in various places or countries 
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TABLE 37 


Natural and Numerical Chart Scales 


Natural Miles Per Inch Inches Per Mile Feet 


0.008 145.83 126.72 41.67 
0.009 121.52 105.60 50.00 
0.016 72.91 63.36 83.33 
0.019 60.76 52.80 100.00 
0.024 48.61 42.24 125.00 
0.032 36.46 31.68 166.67 
0.038 30.38 26.40 200.00 
0.039 29.17 25.34 208.33 
0.047 24.30 Ze 250.00 
0.057 20.25 17.60 300.00 
0.063 18.23 5. 333.33 
0.076 15.19 3. 400.00 
0.079 14.58 2.6 416.67 
0.095 12.15 56 500.00 
0.110 10.42 ah 583.33 
0.114 10.13 : 600.00 
0.125 zal : 660.00 
0.126 9.11 : 666.67 
0.133 : i 700.00 
0.142 c 0 750.00 
0.152 : 0. 800.00 
0.158 x. : 833.33 
0.170 “ 5. 900.00 
0.189 ‘ 5.2 1,000.00 
0.208 ; : 1,100.00 
0.227 .06 : 1,200.00 
0.237 1,250.00 
0.246 1,300.00 
0.250 1,320.00 
0.253 1,333.33 
0.265 1,400.00 
0.284 1,500.00 
0.303 1,600.00 
0.316 1,666.67 
0.322 1,700.00 
0.333 1,760.00 
0.341 1,800.00 
0.360 1,900.00 
0.379 2,000.00 
0.395 2,083.33 
0.631 3,333.33 
0.758 4,000.00 
0.789 4,166.67 
0.986 5,208.33 
1.000 5,280.00 
1.184 6,250.00 
1.263 6,666.67 
1.578 8,333.33 
1.973 10,416.67 
:200, : 3.157 16,666.67 
1:250,000 3.4% 3.946 20,833.33 
1:400,000 5. 6.313 33,333.33 
1:500,000 3.8 Hcetenl 41,666.67 
1:750,000 .286 11.837 62,500.00 
1:1,000,000 3. 15.783 83,333.33 


SCALE SCALE 
72,913.39 63,360 
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CHAPTER I 
MATHEMATICS 


Arithmetic 


101. Definitions.—Arithmetic is that branch of mathematics dealing with compu- 
tation by numbers. The principal processes involved are addition, subtraction, multipli- 
cation, and division. A number consisting of a single symbol (1, 2, 3, etc.) is a digit. 
Any number that can be stated or indicated, however large or small, is called a finite 
number; one too large to be stated or indicated is called an infinite number; and one 
too small to be stated or indicated is called in infinitesimal number. 


The sign of a number is the indication of whether it is positive (+) or negative (—). 
This may sometimes be indicated in another way. Thus, latitude is usually indicated 
as north (N) or south (S), but if north is considered positive, south is then negative 
with respect to north. In aavigation, the north or south designation of latitude and 
declination is often called the ‘name’ of the latitude or declination. A positive number 
is one having a positive sign (+); a negative number is one having a negative sign 
(—). The absolute value of a number is that number without regard to sign. Thus, the 
absolute value of both (+)8 and (—)8 is 8. Generally, a number without a sign can be 
considered positive. 

102. Expressing numbers.—In navigation, fractions are usually expressed as 
decimals. Thus, 4 is expressed as 0.25 and % as 0.33. To determine the decimal equiva- 
lent of a fraction, divide the numerator (the number above the line) by the denominator 
(the number below the line). When a decimal is less than 1, as in the examples above, 
it is good practice to show the zero at the left of the decimal point (0.25, not .25). 

A number should not be expressed to a greater precision than justified. The pre- 
cision of a decimal is indicated by the number of digits shown to the right of the decimal 
point. Thus, the expression ‘‘14 miles” indicates a precision to the nearest whole mile, 
or any value between 13.5 and 14.5 miles. The expression ‘14.0 miles” indicates a 
precision of a tenth of a mile, or any value between 13.95 and 14.05 miles. 

In a number without a decimal there is sometimes doubt as to the degree of pre- 
cision indicated. For example, the number 186,000 may indicate a precision to three, 
four, five, or six places. This ambiguity is sometimes avoided by expressing numbers 
as powers of 10 (art. 108). Thus, 18.610* (18.610,000) indicates a precision to the 
nearest thousand (three places), 18.6010* to the nearest hundred (four places), 
18.600 10‘ to the nearest ten (five places), and 18.6000 X10‘ to the nearest unit (six 
places). The position of the decimal is not important if the correct power of 10 is given. 
For example, 18.610‘ is the same as 1.86 10°, 186 10%, etc. 

The small number above and to the right of 10 (the exponent) indicates the number 
of places the decimal point is to be moved to the right. If the exponent is negative, it 
indicates a reciprocal, and the decimal point is moved to the left. Thus, 1.8610~° 
=0.00000186. This system is sometimes used to avoid long numbers. 

Another way of indicating degree of precision is to state the number of significant 
digits. These are the digits in a number, excluding zeros at the left and sometimes 
those at the right. Thus, 1,325, 1,001, 1.408, 0.00005926, 625.0, and 0.04000 have four 
significant digits each. But in the number 312,600 there may be four, five, or six sig- 
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nificant digits. Any doubt may be removed by expressing the number times a power 
of 10, as explained above. 

If there are no more significant digits, regardless of how far a computation is 
carried, this may be indicated by use of the word ‘‘exactly.”” Thus, 12--4=3 exactly, 
and one nautical mile=1,852 meters exactly; but 12+7=1.7 approximately, the word 
“approximately” indicating that additional decimal places might be computed. Another 
way of indicating an approximate relationship is by placing a positive or negative 
sign after the number. Thus, 12--7=1.7+, and 11+7=1.6—. This system has the 
advantage of showing whether the approximation is too great or too small. 

In any arithmetical computation the answer is no more accurate than the least 
precise value used. Thus, if it is desired to add 16.4 and 1.88, the answer might be 
given as 18.28, but since the first term might be anything from 16.35 to 16.45, the 
answer is anything from 18.23 to 18.33. Hence, to retain the second decimal place in 
the answer is to give a false indication of accuracy, for the number 18.28 indicates a 
value between 18.275 and 18.285. However, additional places are sometimes retained 
until the end of a computation to avoid an accumulation of small errors due to rounding 
off (art. 104). In marine navigation it is customary to give most values to a precision 
of 0.1, even though some uncertainty may exist as to the accuracy of the last place. 
Examples are the dip and refraction corrections of sextant altitudes (arts. 805, 806). 


In general, a value obtained by interpolation in a table should not be expressed 
to more decimal places than given in the table. 


103. Precision and accuracy.—The word ‘“‘precision’”’ as used above is not the 
same as “‘accuracy,” although the two are sometimes confused. A quantity may be 
expressed to a greater precision than is justified by the accuracy of the information 
from which the quantity is derived. For instance, if a ship steams one mile in 37215, its 
speed is 60™=-3"21°=60+3.35=17.910447761194 knots, approximately. The division 
can be carried to as many places as desired, but if the time is measured only to the 
nearest second, the speed is accurate only to one decimal place in this example, because 
an error of 0.5 second introduces an error of more than 0.05 knot in the speed. Hence, 
the additional places are meaningless and possibly misleading, unless more accurate 
time is available. In general, it is not good practice to state a quantity to greater 
precision than justified by its accuracy. However, in marine navigation the accuracy 
of information is often unknown, and it is customary to give positions to a precision 
of 0’.1 of latitude and longitude, although they may not be accurate even to the nearest 
whole minute. 

The absolute precision of a number is indicated by its number of decimal places; 
its relative precision by its number of significant digits. Although this is an indication 
of precision, it may also be a measure of accuracy, and the expressions absolute accuracy 
and relative accuracy used. However, the term ‘‘accuracy’”’ should not be used when 
“precision’”’ only is intended. Thus, the values 186,000 and 0.00000186 may each have 
three significant digits, or ‘“‘be correct to three digits,” although the first value may be 
accurate (“‘absolute accuracy’’) only to the nearest 1,000, and the second to the nearest 
0.00000001. If the numbers are accurate to the number of significant digits shown, each 
has an error (“relative accuracy”’) of less than ‘‘one part in 186.” 

Unless all numbers are exact, doubt exists as to the accuracy of the last digit in 
a computation. Thus, 12.3+9.4+4.6—26.3. But if the three terms to be added have 
been rounded off from 12.26, 9.38, and 4.57, the correct answer is 26.2, obtained by 
rounding off the answer of 26.21 found by retaining the second decimal place until the 
end. It is good practice to work with one more place than needed in the answer, when 
the information is available. In computations involving a large number of terms, or 


MATHEMATICS Sih 


if great accuracy is desired, it is sometimes advisable to retain two or more additional 
places until the end. 

104. Rounding off.—In rounding off numbers to the number of places desired, one 
should take the nearest value. Thus, the number 6.5049 is rounded to 6.505, 6.50, 
6.5, or 7, depending upon the number of places desired. If the number to be rounded 
off ends in 5, the nearer even number is taken. Thus, 1.55 and 1.65 are both rounded 
to 1.6. Likewise, 12.750 is rounded to 12.8 if only one decimal place is desired. How- 
ever, 12.749 is rounded to 12.7. That is, 12.749 is not first rounded to 12.75 and then 
to 12.8, but the entire number is rounded in one operation. When a number ends in 
5, the computation can sometimes be carried to additional places to determine whether 
the correct value is more or less than 5. 

105. Reciprocals.—The reciprocal of a number is 1 divided by that number. The 
reciprocal of a fraction is obtained by interchanging the numerator and denominator. 
Thus, the reciprocal of % is %. A whole number may be considered a fraction with 1 
as the denominator. Thus, 54 is the same as °, and its reciprocal is %,. Division by 
a number produces the same result as multiplying by its reciprocal, or vice versa. 
Thus, 12--2=12 ¥=6, and 12X2=12+%=24. 

106. Addition.—When two or more numbers are to be added, it is generally most 
convenient to write them in a column, with the decimal points in line. Thus, if 31.2, 
0.8874, and 168.14 are to be added, this may be indicated by means of the addition 
sign (+): 31.2+0.8874+168.14=200.2. But the addition can be performed more 
conveniently by arranging the numbers as follows: 


31.2 
0. 8874 
168. 14 


200. 2. 


The answer is given only to the first decimal place, because the answer is no more 
accurate than the least precise number among those to be added, as indicated previously. 
Often it is preferable to state all numbers in a problem to the same precision before 
starting the addition, although this may introduce a small error, as indicated in article 
103: 


If there are no decimals, the last digit to the right is aligned: 
166 
2 
96,758 
96,926. 


Numbers to be added should be given to the same absolute accuracy, when available, 
to avoid a false impression of accuracy in the result. Consider the following: 


186,000 
71,832 
9,614 
728 
268,174. 
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The answer would imply an accuracy to six places. If the first number given is accurate 
to only three places, or to the nearest 1,000, the answer is not more accurate, and 
hence the answer should be given as 268,000. Approximately the same answer would 
be obtained by rounding off at the start: 

186,000 

72,000 

10,000 

1,000 

269,000. 


If numbers are added arithmetically, their absolute values are added without 
regard to signs; but if they are added algebraically, due regard is given to signs. If 
two numbers to be added algebraically have the same sign, their absolute values are 
added and given their common sign. If two numbers to be added algebraically have 
unlike signs, the smaller absolute value is subtracted from the larger, and the sign of 
the value having the larger absolute value is given to the result. Thus, if +8 and —7 
are added arithmetically, the answer is 15, but if they are added algebraically, the 
answer is +1. 

An answer obtained by addition is called a sum. 

107. Subtraction is the inverse of addition. Stated differently, the addition of a 
negative number is the same as the subtraction of a positive number. That is, if a number 
is to be subtracted from another, the sign (+ or —) of the subtrahend (the number to 
be subtracted) is reversed and the result added algebraically to the minuend (the num- 
ber from which the subtrahend is to be subtracted). Thus, 6—4=2. This may be 
written +6—(+4)=+2, which yields the same result as +6+ (—4). For solution, 
larger numbers are often conveniently arranged in a column with decimal points in a 
vertical column, as in addition. Thus, 3,728.41—1,861.16 may be written: 


(+)3,728.41 
(+)1,861.16 (subtract) 
(+)1,867.25 

This is the same as: 
(+)3,728.41 
(—)1,861.16 (add algebraically) 


(+)1,867.25. 


The rule of sign reversal applies likewise to negative numbers. Thus, if —3 is 
to be subtracted from +5, this may be written +5—(—3)=5+3=8. 

In the algebraic addition of two numbers of opposite sign (numerical subtraction), 
the smaller number is subtracted from the larger and the result is given the sign of 
the larger number. Thus, +7—4=+3, and —7+4=-—3, which is the same as +4 
—4=—-3: 

In navigation, numbers to be numerically subtracted are usually marked (—), 
and those to be numerically added are marked (+) or the sign is not indicated. However, 
when a sign is part of a designation, and the reverse process is to be used, the word 
“reversed’’ (rev.) is written after the number. Thus, if GMT is known and ZT in the 
(+)5 zone is to be found (by subtraction), the problem may be written: 


GMT 1754 
ZD (+)5  (rev.) 
ZT 1254. 


The symbol ~ indicates that an absolute difference is required without regard to 
sign of the answer. Thus, 28~13=15, and 13~28=15. In both of these solutions 13 
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and 28 are positive and 15 is an absolute value without sign. If the signs or names of 
both numbers are the same, either positive or negative, the smaller is subtracted from 
the larger, but if they are of opposite sign or name, they are numerically added. Thus, 
(+)16~(+)21=5 and (—)16~(—)21=5, but (+)16~(—)21=37 and (—)16~ 
(+)21=87. Similarly, the difference of latitude between 15°N and 20°N, or between 
15°S and 20°S, is 5°, but the difference of latitude between 15°N and 20°S, or between 
15°S and 20°N, is 35°. If motion from one latitude to another is involved, the difference 
may be given a sign to indicate the direction of travel, or the location of one place with 
respect to another. Thus, if Bis 50 miles west of A, and Cis 125 miles west of A, B and 
C are 75 miles apart regardless of the direction of travel. However, B is 75 miles east of 
C, and C is 75 miles west of B. When direction is indicated, an algebraic difference is 
given, rather than an absolute difference, and the symbol ~ is not appropriate. 


It is sometimes desirable to consider all addition and subtraction problems as 
addition, with negative signs (—) given before those numbers to be subtracted, so that 
there can be no question of which process is intended. The words ‘“‘add”’ and ‘‘subtract”’ 
may be used instead of signs. In navigation, ‘names”’ (usually north, south, east, and 
west) are often used, and the relationship involved in a certain problem may need to 
be understood to determine whether to add or subtract. Thus, LHA= GHA—) (west) 
and LHA= GHA+X(east). This is the same as saying LHA=GHA-—) if west longi- 
tude is considered positive, for in this case, LHA=GHA—(—)A) or LHA=GHA-+A) in 
east longitude, the same as before. 

If numbers are subtracted arithmetically, they are subtracted without regard to 
sign; but if they are subtracted algebraically, positive (+) numbers are subtracted 
and negative (—) numbers are added. 


An answer obtained by subtraction is called a difference. 


108. Multiplication may be indicated by the multiplication sign (x), as 15428 
= 4,312. For solution, the problem is conveniently arranged thus: 


154 

(X)_ 28 

1232 
308 


4312. 


Either number may be given first, but it is generally more convenient to perform the 
multiplication if the larger number is placed on top, as shown. In this problem, 154 is 
first multiplied by 8 and then by 2. The second answer is placed under the first, but 
set one place to the left, so that the right-hand digit is directly below the 2 of the mul- 
tiplier. These steps might be reversed, multiplication by 2 being performed first. This 
procedure is sometimes used in estimating. 

When one number is placed below another for multiplication, as shown above, it 
is usually best to align the right-hand digits without regard for the position of the 
decimal point. The number of decimal places in the answer is the sum of the decimal 
places in the multiplicand (the number to be multiplied) and the multiplier (the second 


number) : : 
163.2 
(X) 263.9 
146943 
48981 
97962 
32654 


43086.953. 
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However, when a number ends in one or more zeros, these may be ignored until the 
end and then added on to the number: 


1924 
(X)1800 


15392 
1924 


3463200. 
This is also true if both multiplicand and multiplier end in zeros: 


1924000 
(X )1800 
15392 
1924 


3463200000. 


When negative values are to be multiplied, the sign of the answer is positive if an 
even number of negative signs appear, and negative if there are an odd number. Thus, 
2X3=6, 2X(—3)=—6, —2X3=—6, —2X(—3)=(+)6. Also, 2X3X8X(—2) X5= 
—480, 2X(—3) X8X(—2) X5=480, 2 (—8) X(—8) X(—2) X5=—480, 2(—3) X 
(—8) X (—2) X (—5) =480, and (—2) x (—3) X (—8) X (—2) X (—5) = — 480. 

An answer obtained by multiplication is called a product. Any number multiplied 
by 1 is the number itself. Thus, 125x1=125. Any number multiplied by 0 is 0. Thus, 
125X0=0 and 1xX0=0. 

To multiply a number by itself is to square the number. This may be indicated 
by the exponent 2 placed to the right of the number and above the line as a superior. 
Thus, 15X15 may be written 15”. Similarly, 151515=15*, and 15X1515X15= 
15*, etc. The exponent (2, 3, 4, etc.) indicates the power to which a number is to be 
raised, or how many times the number is to be used in multiplication. The expression 
15? is usually read ‘15 squared,” 15° is read ‘‘15 cubed” or ‘15 to the third power,” 
15* (or higher power) is read ‘15 to the fourth (or higher) power.”’ The answer obtained 
by raising to a power is called the “square,” ‘‘cube,” etc., or the “. . . power’ of the 
number. Thus, 225 is the “‘square of 15,” 3,375 is the “cube of 15” or the “third power 
of 15,” etc. The zero power of any number except zero (if zero is considered a number) 
is 1. The zero power of zero is zero. Thus, 15°=1 and 0°=0. 


Parentheses may be used to eliminate doubt as to what part of an expression is to 
be raised to a power. Thus, —3”? may mean either —(33)=—9 or —3X —3=(+)9. 
To remove the ambiguity, the expression may be written — (8)? if the first meaning is 
intended, and (—38)? if the second meaning is intended. 

109. Division is the inverse of multiplication. It may be indicated by the division 
sign (+), as 376+-2i=18 approximately; or by placing the number to be divided, 

376 


called the dividend (376), over the other number, called the divisor (21), as oye ee 


approximately. The expression othe may be written 376/21 with the same meaning. 
Such a problem is conveniently arranged for solution as follows: 


17 
21 | 376 
21 


166 
147 


19. 
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Since the remainder is 19, or more than half of the divisor (21), the answer is 18 to 
the nearest whole number. 

An answer obtained by division is called a quotient. Any number divided by 1 is 
the number itself. Thus, 65--1=65. A number cannot be divided by 0. 

If the numbers involved are accurate only to the number of places given, the 
answer should not be carried to additional places. However, if the numbers are exact, 
the answer might be carried to as many decimal places as desired. Thus, 374--21= 
17.809523809523809523809523809523809523 .... When a series of digits repeat 
themselves with the same remainder, as 809523 (with remainder 17) in the example 
given above, an exact answer will not be obtained regardless of the number of places 
to which the division is carried. The series of dots (. . . ) indicates a repeating decimal. 
In a nonrepeating decimal, a plus sign (+) may be given to indicate a remainder, and 
a minus sign (—) to indicate that the last digit has been rounded to the next higher 
value. Thus, 18.68761 may be written 18.6876+ or 18.688—. If the last digit given is 
rounded off, the word ‘“‘approximately”’ may be used instead of dots or a plus or minus 
sign. 
If the divisor is a whole number, the decimal point in the quotient is directly 
above that of the dividend when the work form shown above is used. Thus, in the 
example given above, if the dividend had been 37.6 instead of 376, the quotient would 
have been 1.8 approximately. If the divisor is a decimal, both it and the dividend 
are multiplied by the power of 10 having an exponent equal to the number of decimal 
places in the divisor, and the division is then carried out as explained above. Thus, if 
there are two decimal places in the divisor, both divisor and dividend are multiplied 
by 10?=100. This is done by moving the decimal to the right until the divisor is a 
whole number. If necessary, zeros are added to the dividend. Thus, if 3.7 is to be 
divided by 2.11, both quantities are first multiplied by 10, and 370 is divided by 211. 
This is usually performed as follows: 

1.75 
2/11 | 3/70.00 
211 


1590 
1477 


1130 
1055 


75. 


If both the dividend and divisor are positive, or if both are negative, the quotient 
is positive; but if either is negative, the quotient is negative. Thus, 6+3=2, 
(—6)-+(—3) =+2, (—6)+3=—2, and 6+(—3)=—2. 

The square root of a number is that number which, multiplied by itself, equals the 
given number. Thus, 15X15=15°=225, and /225=225'”=15. Hither the symbol y, 
called the radical sign, or the exponent ¥ indicates square root. Also, V, or as an 
exponent, indicates cube root. Fourth, fifth, or any root is indicated similarly, using 
the appropriate number. Nearly any arithmetic book explains the process of extracting 
roots, but this process is most easily performed by table, logarithms (art. 112), or 
slide rule (art. 115). If no other means are available, it can be done by trial and error. 
The process of finding a root of a number is called extracting a root. 

110. Logarithms (‘‘logs’”’) provide an easy way to multiply, divide, raise numbers 
to powers, and extract roots. The logarithm of a number is the power to which a fixed 
number, called the base, must be raised to produce the value to which the logarithm 
corresponds. The base of common logarithms, (given in tables 32 and 33) is 10. Hence, 
since 10'8=63 approximately, 1.8 is the logarithm, approximately, of 63 to the base 
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10. In table 32 logarithms of numbers are given to five decimal places. This is sufficient 
for most purposes of the navigator. For greater precision, a table having additional 
places should be used. In general, the number of significant digits which are correct in 
an answer obtained by logarithms is the same as the number of places in the logarithms 
used. 

A logarithm is composed of two parts. That part to the left of the decimal point 
is called the characteristic. That part to the right of the decimal point is called the 
mantissa. The principal advantage of using 10 as the base is that any given combina- 
tion of digits has the same mantissa regardless of the position of the decimal point. 
Hence, only the mantissa is given in the main tabulation of table 32. Thus, the logarithm 
(mantissa) of 2,374 is given as 37548. This is correct for 2,374,000,000; 2,374; 23.74; 
2.374; 0.2374; 0.000002374; or for any other position of the decimal point. 

The position of the decimal point determines the characteristic, which is not 
affected by the actual digits involved. The characteristic of a whole number is one 
less than the number of digits. The characteristic of a mixed decimal (one greater 
than 1) is one less than the number of digits to the left of the decimal point. Thus, in 
the example given above, the characteristic of the logarithm of 2,374,000,000 is 9; 
that of 2,374 is 3; that of 23.74 is 1; and that of 2.374 is 0. The complete logarithms 
of these numbers are: 

log 2,374,000,000=9.37548 


log 2,374 =3.37548 
log 23.74 =1.37548 
log 2.374 =0.37548. 


Since the mantissa of the logarithm of any multiple of ten is zero, the main table 
starts with 1,000. This can be considered 100, 10, 1, etc. Since the mantissa of these 
logarithms is zero, the logarithms consist of the characteristic only, and are whole 
numbers. Hence, the logarithm of 1 is 0 (0.00000), that of 10 is 1 (1.00000), that of 
100 is 2 (2.00000), that of 1,000 is 3 (3.00000), etc. 


The characteristic of the logarithm of a number less than 1 is negative. However, 
it is usually more conveniently indicated in a positive form, as follows: the characteristic 
is found by subtracting the number of zeros immediately to the right of the decimal 
point from 9 (or 19, 29, etc.) and following this by —10 (or —20, —30, etc.). Thus, the 
characteristic of the logarithm of 0.2374 is 9—10; that of 0.000002374 is 4—10; and that 
of 0.000000000002374 is 8—20. The complete logarithms of these numbers are: 


log 0.2374 =9.37548—10 
log 0.000002374 =4.37548—10 
log 0.000000000002374 =8.37548—20. 


When there is no question of the meaning, the —10 may be omitted. This is usually 
done when using logarithms of trigonometric functions, as shown in table 33. Thus, 
if there is no reasonable possibility of confusion, the logarithm of 0.2374 may be written 
9.37548. 

Occasionally, the logarithm of a number less than 1 is shown by giving the negative 
characteristic with a minus sign above it (since only the characteristic is negative, the 
mantissa being positive). Thus, the logarithms of the numbers given above might be 
shown thus: 

log 0.2374 = 1.37548 
log 0.000002374 = 6.37548 
log 0.000000000002374 = 12.37548. 
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In each case, the negative characteristic is one more than the number of zeros imme- 
diately to the right of the decimal point. 

There is no real logarithm of 0, since there is no finite power to which any number 
can be raised to produce 0. As numbers approach 0, their logarithms approach negative 
infinity. 

To find the number corresponding to a given logarithm, called finding the anti- 
logarithm (‘‘antilog’”’), enter the table with the mantissa of the given logarithm and 
determine the corresponding number, interpolating if necessary. Locate the position 
of the decimal point by means of the characteristic of the logarithm, in accordance with 
the rules given above. 


111. Multiplication by logarithms.—To multiply one number by another, add 
their logarithms and find the antilogarithm of the sum. Thus, to multiply 1,635.8 by 
0.0362 by logarithms: 


log 1635.8= 3.21373 
log 0.0362= 8.55871—10 (add) 


log 59.216=11.77244—10 or 1.77244. 


Thus, 1,635.8 X0.0362=59.216. In navigation it is customary to use a slightly modified 
form, and to the omit the —10 where there is no reasonable possibility of confusion, 
as follows: 


1635.8 log 3.21373 
0.0362 log 8.55871 


59.216 log 1.77244. 


To raise a number to a power, multiply the logarithm of that number by the power 
indicated, and find the antilogarithm of the product. Thus, to find 13.156% by log- 
arithms, using the navigational form: 


13.156 log 1.11913 
KR 3 (multiply) 
2277.2 log 3.35739. 


112. Division by logarithms.—To divide one number by another, subtract the 
logarithm of the divisor from that of the dividend, and find the antilogarithm of the 
remainder. Thus, to find 0.4637--28.03 by logarithms, using the navigational form: 

0.4637 log 9.66624 
28.03 log (—) 1.44762 (subtract) 
0.016543 log 8.21862. 


It is sometimes necessary to modify the first logarithm before the subtraction can 
be made. This would occur in the example given above, for instance, if the divisor 
and dividend were reversed, so that the problem became 28.03-+0.4637. In this case 
19—10 would be added to the logarithm of the dividend, becoming 11.44762—10: 

28.03 log 11.44762—10 
0.4637 log (—) 9.66624—10 
60.448 log 1.78138. 


One experienced in the use of logarithms usually carries this change mentally, without 
showing it in his work form: 
28.03 log 1.44762 
0.4637 log (—) 9.66624 
60.448 log 1.78138. 
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Any number can be added to the characteristic as long as that same number is also 
subtracted. Conversely, any number can be subtracted from the characteristic as long 
as that same number is also added. 

To extract a root of a number, divide the logarithm of that number by the root 
indicated, and find the antilogarithm of the quotient. Thus, to find /7 by logarithms: 


7 log 0.84510 (+2) 
2.6458 log 0.42255. 


To divide a negative logarithm by the root indicated, first modify the logarithm 
so that the quotient will have a —10. Thus, to find 0.7 by logarithms: 


0.7 log 29.84510—30 (-+3) 
0.88792 log 9.94837—10 


or, carrying the —30 and —10 mentally, 


0.7 log 29.84510 (+8) 
0.88792 log 9.94837. 


113. Cologarithms.—The cologarithm (‘‘colog’’) of a number is the value obtained 
by subtracting the logarithm of that number from zero, usually in the form 10—10. 
Thus, the logarithm of 18.615 is 1.26987. The cologarithm is: 


10.00000—10 
(—) 1.26987 
8.73013—10. 
Similarly, the logarithm of 0.0018615 is 7.26987—10, and its cologarithm is: 
10.00000—10 
(—)7.26987—10 
2.73013. 


The cologarithm of a number is the logarithm of the reciprocal of that number. 
Thus, the cologarithm of 2 is the logarithm of }%. Since division by a number is the 
same as multiplication by its reciprocal, the use of cologarithms permits division prob- 
lems to be converted to problems of multiplication, eliminating the need for subtraction 
of logarithms. This is particularly useful when both multiplication and division are 
92.732 X0.0137 X 724.3 

0.516 X 3941.1 
one might add the logarithms of the three numbers in the numerator, and subtract the 
logarithms of the two numbers in the denominator. If cologarithms are used for the 
numbers in the denominator, all logarithmic values are added. Thus, the solution 
might be made as follows: 


involved in the same problem. Thus, to find by logarithms, 


92.732 log 1.96723 
0.0137 log 8.13672 
724.3 log 2.85992 


0.516 log 9.71265 colog 0.28735 
3941.1 log 3.59562 colog 6.40438 


0.45248 log 9.65560. 


114. Various kinds of logarithms.—<As indicated above, common logarithms use 
10 as the base. These are also called Briggs’ logarithms. For some purposes, it is con- 
venient to use 2.7182818 approximately (designated e) as the base for logarithms. 
These are called natural logarithms or Naperian logarithms (log.). Common loga- 
rithms are shown as log;) when the base might otherwise be in doubt. 
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Addition and subtraction logarithms are logarithms of the sum and difference of 
two numbers. They are used when the logarithms of two numbers to be added or 
subtracted are known, making it unnecessary to find the numbers themselves. 


115. Slide rule.—A slide rule is a convenient device for making logarithmic solu- 
tions mechanically. There are many types and sizes of slide rule, some designed for 
specific purposes. The most common form consists of an outer ‘“‘body’’ or “frame” 
with grooves to permit a ‘‘slide’’ to be moved back and forth between the two outer 
parts, so that any graduation of a scale on the slide can be brought opposite any grad- 
uation of a scale on the body. A cursor called an “indicator” or “runner” is provided 
to assist in aligning the desired graduations. In a circular slide rule the “slide” is an 
inner disk surrounded by a larger one, both pivoted at their common center. The 
scales of a slide rule are logarithmic. That is, they increase proportionally to the 
logarithms of the numbers indicated, rather than to the numbers themselves. This 
permits addition and subtraction of logarithms by simply measuring off part of the 
length of the slide from a graduated point on the body, or vice versa. Two or three 
complete scales within the length of the rule may be provided for finding squares, 
cubes, square roots, and cube roots. 

Full instructions for use of a slide rule are provided with each rule, and given in 
some mathematical texts. Properly used, a slide rule can provide quick answers to 
many of the problems of navigation. However, its precision is usually limited to from 
two to four significant digits, and should not be used if greater precision is desired. 
It is frequently used to provide a quick, approximate check on answers obtained by 
a more laborious method. 

Great care should be used in placing the decimal point in an answer obtained by 
slide rule, as the correct location often is not immediately apparent. Its position is 
usually determined by making a very rough mental solution. Thus, 2.93 8.3 is about 
3X8=24. Hence, when the answer by slide rule is determined to be ‘‘243,”’ it is known 
that the correct value is 24.3, not 2.43 or 243. 

116. Mental arithmetic_—Many of the problems of the navigator can be solved 
mentally. The following are a few examples. 

If the speed is a number divisible into 60 a whole number of times, distance prob- 


lems can be solved by a simple relationship. Thus, at 10 knots a ship steams 1 mile in 


5=6 minutes. At 12 knots it requires 5 minutes, at 15 knots 4 minutes, etc. As an 


example of the use of such a relationship, a vessel steaming at 12 knots travels 5.6 
miles in 28 minutes, since B= 5% = 5.6, or 0.1 mile every half minute. 


For relatively short distances, one nautical mile can be considered equal to 6,000 
feet. Since one hour has 60 minutes, the speed in hundreds of feet per minute is equal 
to the speed in knots. Thus, a vessel steaming at 15 knots is moving at the rate of 1,500 
feet per minute. 

With respect to time, 6 minutes=0.1 hour, and 3 minutes=0.05 hour. Hence, a 
ship steaming at 13 knots travels 3.9 miles in 18 minutes (130.3), and 5.8 miles in 
27 minutes (130.45). 

In are units, 6’=0°1 and 6”=0/1. This relationship is useful in rounding off 
values given in arc units. Thus, 17°23’44”=17°23/7 to the nearest 0/1, and 17°4 to 
the nearest 0°1. A thorough knowledge of the six multiplication table is valuable. The 
15 multiplication table is also useful, since 15°=1". Hence, 16°=16X15=240°. 
This is particularly helpful in quick determination of zone description. Pencil and 
paper or a table should not be needed, for instance, to decide that a ship at sea 1n 
longitude 157°18/4 W is in the (+)10 zone. 
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It is also helpful to remember that 1°=4™ and 1’=4%. In converting the LMT 
of sunset to ZT, for instance, a quick mental solution can be made without reference 
to a table. Since this correction is usually desired only to the nearest whole minute, 
it is necessary only to multiply the longitude difference in degrees (to the nearest 


quarter degree) by four. 
Vectors 


117. Scalars and vector quantities.—A scalar is a quantity which has magnitude 
only; a vector quantity has both magnitude and direction. If a vessel is said to have 
a tank of 5,000 gallons capacity, the number 5,000 is a scalar. As used in this book, 
speed alone is considered a scalar, while speed and direction are considered to constitute 
velocity, a vector quantity. Thus, if a vessel is said to be steaming at 18 knots, without 
regard to direction, the number 18 is considered a scalar; but if the vessel is said to be 
steaming at 18 knots on course 157°, the combination of 18 knots and 157° constitutes 
a vector quantity. Distance and direction also constitute a vector quantity. 


A scalar can be represented fully by a number. A vector quantity requires, in addi- 
tion, an indication of direction. This is conveniently done graphically by means of a 
straight line, the length of which indicates the magnitude, and the direction of which 
indicates the direction of application of the magnitude. Such a line is called a vector. 
Since a straight line has two directions, reciprocals of each other, an arrowhead is 
placed along or at one end of a vector to indicate the direction represented, unless this 
is apparent or indicated in some other manner. 

118. Addition and subtraction of vectors.—Two vectors can be added by starting 
the second at the termination (rather than the origin) of the first. A common naviga- 
tional use of vectors is the dead reckoning plot of a vessel. Refer to figure 118. If a 
ship starts at A and steams 18 miles on course 090° and then 12 miles on course 060°, 
it arrives by dead reckoning at C. The line AB is the vector for the first run, and BC 

is the vector for the second. 

C Point C is the position found 

by adding vectors AB and BC. 

The vector AC, in this case the 

course and distance made good, is 

. | the resultant. Its value, both 
=< oe in direction and amount, can be 

‘ ea determined by measurement. 
Pee Lines AB, BC, and AC are all 

C’ distance vectors. Velocity vec- 

Figure 118.—Addition and subtraction of vectors. tors are used when determining 
the effect of, or allowing for, 

current, interconverting true and apparent wind, and solving relative motion problems. 

The reciprocal of a vector has the same magnitude but opposite direction of the vec- 
tor. To subtract a vector, add its reciprocal. This is indicated by the broken lines in figure 
118, in which the vector BC’ is drawn in the opposite direction to BC. In this case the 
resultant is AC’. Subtraction of vectors is involved in some current and wind problems. 


Algebra 


119. Definitions.— Algebra is that branch of mathematics dealing with computa- 
tion by letters and symbols. It permits the mathematical statement of certain relation- 
ships between variables. When numbers are substituted for the letters, algebra becomes 
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arithmetic. Thus if a=26, any value may be assigned to b, and a can be found by multi- 
plying the assigned value by 2. Any statement of equality (as a=2b) is an equation. 
Any combination of numbers, letters, and symbols (as 20) is a mathematical expression. 


120. Symbols.—As in arithmetic, plus (+) and minus (—) signs are used, and 
with the same meaning. Multiplication (x) and division (-+-) signs are seldom used. 
In algebra, ab is usually written ab, or sometimes a-b. For division a+b is usually 


written ; or a/b. The symbol > means “greater than” and < means “less than.” 


Thus, a>} means ‘‘a is greater than 6,” and a=b or a>b means “‘a is equal to or greater 
than 6.” 


The order of performing the operations indicated in an equation should be observed 
carefully. Consider the equation a=b+cd—e/f. If the equation is to be solved for a, 
the value cd should be determined by multiplication and e/f by division before the addi- 
tion and subtraction, as each of these is to be considered a single quantity in making the 
addition and subtraction. Thus, if cd=g and e/f=h, the formula can be written a= 6b 
+g—h. 

If an equation including both multiplication and division between plus or minus 
signs is not carefully written, some doubt may arise as to which process to perform 
first. Thus, a=-bXc or a/b <c may be interpreted to mean either that a/b is to be multi- 
plied by ¢ or that a is to be divided by 6Xc. Such an equation is better written ac/b 
if the first meaning is intended, or a/bc if the second meaning is intended. Parentheses, 
( ), may be used for the same purpose or to indicate any group of quantitites that 
is to be considered a single quantity. Thus, a(b+c) is an indication that the sum of b 
and c is to be multiplied by a. Similarly, a+(b—c)? indicates that ¢ is first to be sub- 
tracted from 6, and then the result is to be squared and the value thus obtained added to 
a. When an expression within parentheses is part of a larger expression which should 
also be in parentheses, brackets, [ ], are used in place of the outer parentheses. If 
yet another set is needed, braces, { }, are used. 

A quantity written -/3 ab is better written ab /3 to remove any suggestion that 
the square root of 3ab is to be found. 


121. Addition and subtraction.—A plus sign before an expression in parentheses 
means that each term retains its sign as given. Thus, a+(b+c—d) is the same as 
a+b+c—d. A minus sign preceding the parentheses means that each sign within the 
parentheses is to be reversed. For example, a—(b-+-c—d) =a—b—c+d. 

In any equation involving addition and subtraction, similar terms can be com- 
bined. Thus, a+b+c+b—2ce—d=a+2b—c—d. Also, a+3ab+a?—b—ab=a+2ab+ 
a?—b. That is, to be combined, the terms must be truly alike, for a cannot be combined 
with ab, or with a’. 

Equal quantities can be added to or subtracted from both members of an equation 
without disturbing the equality. Thus, if a=b, a+2=0b+2, or a+z=b+z. If r=y, 
thena+z=b+y. 


122. Multiplication and division—When an expression in parentheses is to be 
multiplied by a quantity outside the parentheses, each quantity separated by a plus 
or minus sign within the parentheses should be multiplied separately. Thus, a(6-+-cd— 
e/f) may be written ab+acd—ae/f. Any quantity appearing in every term of one member 
of an equation can be separated out by factoring, or dividing each term by the common 


‘ d 
quantity. Thus, if a=be+ p48, the equation may be written a=b (c+5—5-+1): 
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2 
Note that bay and rb. This is the inverse of multiplication: ax1l=a, but 


7 
aXa=a’, Also, a*<a’=a’*; and ao. Thus, in multiplying a power of a number by 
a power of the same number, the powers are added, or, stated mathematically, a” xa" 
™m 
=a™'", Tn division, =a", or the exponents are subtracted. If n is greater than m, 


a negutive exponent results. A value with a negative exponent is equal to the reciprocal 
: oie 1 2034 2 
of the same value with a positive exponent. Thus, Ease and Pee 


In raising to a power a number with an exponent, the two exponents are multi- 
plied. Thus (a”)?=a?**=a*, or (a")"=a"™. The inverse is true in extracting a root. 


2 n 
Thus, e—a=a°-"', or "Va"=a". 
Both members of an equation can be multiplied or divided by equal quantities 
without disturbing the equality, excluding division by zero or some expression equal 


to zero. Thus, if a=b+c, 2a=2(b+¢), or if z=y, ax=y(b+c) and — = =". 


there is more than one answer to an equation. Division by one of “ibe unknowns may 
eliminate one of the answers. 

Both members of an equation can be raised to the same power, and like roots of both 
members can be taken, without disturbing the equality. Thus, if a=b+c, a?=(b+c)’, 
or if z=y, a7=(b+c)”. This is not the same as a?=b"+c’. Similarly, if a=b-+c, a= 
Vb+e, or if z=y, Va=V/b+c. Again, /b+e is not equal to Vb+c, as a numerical 
example will indicate: ¥100=y64+36, but 100 does not equal V64++36. 

If two quantities to be multiplied or divided are both positive or both negative, the 


Sometimes 


result is positive. Thus, (+a) X(+)=ab and — = +5 But if the signs are opposite, 

the answer is negative. Thus, (+a) x(—}b)=—ab, and rs ie i also, (—a) X (+6) = 
Ta @ 

—ab, and Pape Ty 


In expressions containing both parentheses and brackets, or both of these and 


braces, the innermost symbols are removed first. Thus, - {6-—Het iain} 


-{02- teu | —{ 62 ~2 #45) 024546. 


123. Fractions.—To add or subtract two or more fractions, convert each to an 
expression having the same denominator, and then add the numerators. Thus, a+5t 
e adf cbf, ebd _ adf+cbhft+ebd 
f bdf' bdf bdf — bd f 


fraction are multiplied by the denominator of the other remaining fractions. 


That is, both numerator and denominator of each 


To multiply two or more fractions, multiply the numerators by each other, and 


; a6 €_ ace 
also multiply the denominators by each other. Thus, 7Xqx a a bdf 


To divide two fractions, invert the divisor and multiply. Thus, ¢ Soyo 
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If the same factor appears in all terms of a fraction, it can be factored out without 
ab-+actad_b+e+d This is the same as 

ae=afr ie é—f 
ab+ac+ad _ 


factoring a from the numerator and denominator separately. That is, —?——= 


ae—af 
| a(b+c+d) 


: a : . 
| orc ee ae but since es} this part can be removed, and the fraction appears as above. 


changing the value of the fraction. Thus, 


124. Transposition.—It is sometimes desirable to move terms of an expression from 
one side of the equals sign (=) to the other. This is called transposition, and to move 
one term is to transpose it. If the term to be moved is preceded by a plus or a minus 
sign, this sign is reversed when the term is transposed. Thus, if a=b+c, then a—b=c, 
a—c=b, —b=c—a, —b—c=~—a, etc. Note that the signs of all terms can be reversed 
without destroying the equality, for if a=b, b=a. Thus, if all terms to the left of the 
equals sign are exchanged for all those to the right, no change in sign need take place, 
yet if each is moved individually, the signs reverse. For instance, if a=b+c, —b—c= 
—a. If each term is multiplied by —1, this becomes b6-+c=a. 

A term which is to be multiplied or divided by all other terms on its side of the 
equation can be transposed if it is also moved from the numerator to the denominator, 
oz v-ce versa. Thus, if = then ac=), c eee oa etc. (Note that a=.) The 

c @bo--ac 6° @ 1 
same result could be obtained by multiplying both sides of an equation by the same 


quantity. For instance, if both sides of a=? are multiplied by c, the equation becom:s 


ac="< and since any number (except zero) divided by itself is unity, <=1, and the 


equation becomes ac=b, as given above. Note, also, that both sides of an equation can 
be inverted without destroying the relationship, for if a=, 2_8, and = or a 
This is accomplished by transposing all terms of an equation. 

Note that in the case of transposition by changing the plus or minus sign, an entire 
expression must be changed, and not a part of it. Thus, if a=be+d, a—be=d, but it 
is not true that a+b=c-+d. Similarly, a term to be transposed by reversing its multi- 
plication-division relationship must bear that relationship to all other terms on its side 
of the equation. That is, if a=bc+d, it is not true that pact, or that n=4, but 

a 


bc+d 


=1. If a=b(cd+e), then paodte. 


125. Ratio and proportion.—If the relationship of a to b is the same as that of 
c to d, this fact can be written a : b ::¢ : d, or $= 7 Either side of this equation, Fors 
is called a ratio and the whole equation is called a proportion. When a ratio is given a 
numerical value, it is often expressed as a decimal or as a percentage. Thus, if pas 
(that is, a=1, b=4), the ratio might be expressed as 0.25 or as 25 percent. 

Since a ratio is a fraction, it can be handled as any other fraction. 


Geometry 


126. Definitions.—Geometry is that branch of mathematics dealing with the 
properties, relations, and measurement of lines, surfaces, solids, and angles. Plane 
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geometry deals with plane figures, and solid geometry deals with three-dimensional 
figures. 

A point, considered mathematically, is a place having position but no extent. It 
has no length, breadth, or thickness. A point in motion produces a line, which has 
length, but neither breadth nor thickness. A straight or right line is the shortest 
distance between two points in space. A line in motion in any direction except along 
itself produces a surface, which has length and breadth, but not thickness. A plane 
surface or plane is a surface without curvature. A straight line connecting any two 
of its points lies wholly within the plane. A plane surface in motion in any direction 
except within its plane produces a solid, which has length, breadth, and thickness. Par- 
allel lines or surfaces are those which are everywhere equidistant. Perpendicular lines 

or surfaces are those which meet at 

right angles. A perpendicular may be 
called a normal, particularly when it is 

perpendicular to the tangent to a 

curved line or surface at the point of 

tangency. All points equidistant from 
the ends of a straight line are on the 
perpendicular bisector of that line. 

The distance from a point to a line is 

the length of the perpendicular be- 
(e tween them, unless some other dis- 

tance is indicated. 

127. Angles.—An angle is the 
inclination to each other of two straight lines which meet at a point. It is measured 
by the arc of a circle intercepted between the two lines forming the angle, the center of 
the circle being at the point of intersection. Referring to figure 127a, the angle formed 
by lines AB and BC, measured by the arc shown, may be designated “angle B,”’ 
“angle ABO,” or “angle CBA”; or by Greek letter (app. B), as ‘angle a.” The first 
method should not be used if there is more than one angle at the point, as at @ in 
figure 127b. When three letters are used, the middle one should always be that at the 
vertex of the angle, as G in figure 127b. 

An acute angle is one less than a right angle (90°). In figure 127b, angles AGB, 
BGC, CGD, DGE, and EGF are all acute angles. 

A right angle is one whose sides are perpendicular (90°). In figure 127b, angles 
AGC, BGD, CGE, and DGF are right angles. , 

An obtuse angle is one greater than a right angle (90°) but less than a straight 
angle (180°). In figure 127b, angles AGD, BGE, and CGF are obtuse angles. Angle 
AGF is also obtuse if measured counterclockwise from AG to FG. 

A straight angle is one whose sides form a continuous straight line (180°). In 
figure 127b, angles AGE and BGF are straight angles. 

A reflex angle is one greater than a straight angle (180°) but less than a circle 
(360°). In figure 127b, angle AGF is reflex if measured clockwise from AG to F@. 
Actually, any two lines meeting at a point form two angles, one less than a straight 
angle of 180° (unless exactly a straight angle) and the other greater than a straight 
angle (180°). 

An oblique angle is any angle not a multiple of 90°. 

Two angles whose sum is a right angle (90°) are complementary angles, and either 
is the complement of the other. In figure 127b, angles AGB and BGC, BGC and CGD, 
CGD and DGE, and DGE and EGF are complementary. The angles need not be 
adjacent. Angles AGB and DGE, and angles BGC and EGF are complementary. 


Figure 127a.—An angle. 
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Two angles whose sum is Cc 
a straight angle (180°) are sup- 
plementary angles, and either is 
the supplement of the other. 
In figure 127b, angle AGB 


and BGE, AGC and OGE, B 
AGD and DGE, BGC and CGF, a 
BGD and DGF, BGE and EGF. 


and AGC and DGF are supple- ihe 
mentary. A E 

Two angles whose sum is a 
circle (360°) are explementary 
angles, and either is the exple- 
ment of the other. The two 
angles formed when any two 
lines terminate at a common Figure 127b.—Acute, right, and obtuse angles. 
point are explementary. 


Since angles AGB and CGD (fig. 127b) are each complementary to angle BGO, 
angles AGB and CGD are equal. Similarly, it can be shown that angle EGF is also 
equal to angle CGD (and therefore also equal to angle AGB) and also that angles BGC 
and DGE are equal to each other. Since AGO and OGE are both right angles with a 
common side, CG is perpendicular to AE. Similarly, D@ is perpendicular to BF. If 
the sides of one angle are perpendicular to those of another, the two angles are either 
equal or supplementary. Also, if the sides of one angle are parallel to those of another, 
the two angles are either equal or supplementary. 


When two straight lines intersect, forming four angles, the two opposite angles, 
called vertical angles, are equal. Thus, in figure 127b, lines AE and BF intersect at 
G. Angles AGB and EGF form a pair of equal acute vertical angles, and BGE and 
AGF form a pair of equal obtuse vertical angles. Angles which have the same vertex 
and lie on opposite sides of a common side are adjacent angles. Adjacent angles formed 
by intersecting lines are supplementary, since each pair of adjacent angles forms a 
straight angle (fig. 127b). 

A transversal is a line that intersects two or more other lines. If two or more 
parallel lines are cut by a transversal, groups of adjacent and vertical angles are formed, 

as shown in figure 127c. In this situation, all acute 
AY B angles (A) are equal, all obtuse angles (B) are equal, 
B\ A and each acute angle is supplementary to each 
obtuse angle. 

A dihedral angle is the angle between two inter- 

secting planes. 
B\A 128. Triangles—A plane triangle is a closed 
figure formed by three straight lines, called sides, 
Figure 127¢.—Angles formed by a which meet at three points called vertices (singular 
ee vertex). The vertices are usually labeled with capital 
letters, and the sides with lowercase letters, as shown in figure 128a. 

An equilateral triangle is one with its three sides equal. An equiangular triangle 
is one with its three angles equal. When either oi these conditions is present, the other 
always is, so that a triangle which is equilateral is also equiangular, and vice versa. 


An isosceles triangle is one with two equal sides, called legs. The angles opposite 
the legs are equal. A line which bisects (divides into two equal parts) the unequal 
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angle of an isosceles triangle is the perpendicular bisector of the opposite side, and 
divides the triangle into two equal right triangles. 

A scalene triangle is one with no two sides equal. In such a triangle, no two angles 
are equal. 

An acute triangle is one with three acute angles. 

A right triangle is one with a right angle. The side opposite the right angle is 
called the hypotenuse. The other two sides may be called legs. A plane triangle can 
have only one right angle. 

An obtuse triangle is one with an obtuse angle. B 
A plane triangle can have only one obtuse angle. 

An oblique triangle is one which does not contain 
a right angle. a 

The altitude of a triangle is a perpendicular line 
from any vertex to the opposite side, extended if 
necessary, or the length of this perpendicular line. 

A median of a triangle is a line from any vertex Cc 
to the center of the opposite side. The three medians b 
of a triangle meet at a point called the centroid of the 
triangle. This point divides each median into two parts, 
that part between the centroid and the vertex being twice as long as the other part. 


Lines bisecting the three angles of a triangle meet at a point which is equidistant 
from the three sides, and is the center of the inscribed circle, as shown in figure 128b. 
This point is of particular interest to navigators because itis the point often taken as the fix 
when three lines of position of equal weight and having only random errors do not meet 
at a common point. 


The perpendicular bisectors of the three sides of a triangle meet at a point which is 
equidistant from the three vertices, and is the center of the circumscribed circle, the 
circle through the three vertices and therefore the smallest circle which can be drawn 
enclosing the triangle. The center of a circumscribed circle is within an acute triangle, 
on the hypotenuse of a right triangle, and outside an obtuse triangle. 


A line connecting the mid points of two sides of a triangle is parallel to the third 
side and half as long. Also, a line parallel to one side of a triangle and intersecting the 
other two sides divides these sides proportionally. This principle can be used to divide 
a line into any number of equal or proportional parts. Refer to figure 128c. Suppose 
it is desired to divide line AB into four equal parts. From A draw any line AC. Along 
C measure four equal parts of any convenient lengths (AD, DE, EF, and FG). Draw 
GB, and through F, E£, and D draw lines parallel to GB and intersecting AB. Then 
AD’, D’'E’, E’F’, and F’B are equal and AB is divided into four equal parts. 


The sum of the angles of a plane triangle is 180°. Therefore, the sum of the acute 
angles of a right triangle is 90°, and the angles are complementary. If one side of a 
triangle is extended, the exterior angle thus formed is supplementary to the adjacent 
interior angle and, therefore, equal to the sum of the two nonadjacent angles. If two 
angles of one triangle are equal to two angles of another triangle, the third angles are 
also equal, and the triangles are similar. If the area of one triangle is equal to the area 
of another, the triangles are equal. Triangles having equal bases and altitudes have 
equal areas. Two figures are congruent if one can be placed over the other to make 
an exact fit. Congruent figures are both similar and equal. If any side of one triangle 
is equal to any side of a similar triangle, the triangles are congruent. For example, 
if two right triangles have equal sides, they are congruent; if two right triangles have 


FIGuRE 128a.—A triangle. 
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two corresponding sides equal, they are congruent. Triangles are congruent only if the 
sides and angles are equal. 

The sum of two sides of a plane triangle is always greater than the third side; 
their difference is always less than the third side. 


A 


px 


Fieurs 128b.—A circle in- Ficure 128c.—Dividing a line into equal parts. 
scribed in a triangle. 


GG 


If A=area, b=one of the legs of a right triangle or the base of any plane triangle, 
h=altitude, c=the hypotenuse of a right triangle, a=the other leg of a right triangle, 
and S=the sum of the interior angles: 


Area of plane triangle: a=" 


Length of hypotenuse of plane right triangle: c=./a?+}? 


Sum of interior angles of plane triangle: S=180°. 


129. Polygons.—A polygon is a closed plane figure made up of three or more 
straight lines called sides. A polygon with three sides is a triangle, one with four sides 
is a quadrilateral, one with five sides is a pentagon, one with six sides is a hexagon, 
and one with eight sides is an octagon. An equilateral polygon has equal sides. An 
equiangular polygon has equal interior angles. A regular polygon is both equilateral 
and equiangular. As the number of sides of a regular polygon increases, the figure 
approaches a circle. 

A trapezoid is a quadrilateral with one pair of opposite sides parallel and the other 
pair not parallel. A parallelogram is a quadrilateral with both pairs of opposite sides 
parallel. Any side of a parallelogram, or either of the parallel sides of a trapezoid, 
is the base of the figure. The perpendicular distance from the base to the opposite 
side is the altitude. A rectangle is a parallelogram with four right angles. (If any one 
is a right angle, the other three must be, also.) A square is a rectangle with equal sides. 
A rhomboid is a parallelogram with oblique angles. A rhombus is a rhomboid with 
equal sides. 

The sum of the exterior angles of a convex polygon (one having no interior reflex 
angles), made by extending each side in one direction only (consistently), is 360°. 

A diagonal of a polygon is a straight line connecting any two vertices which are 
not adjacent. The diagonals of a parallelogram bisect each other. 

The perimeter of a polygon is the sum of the lengths of its sides. 

If A=area, s=the side of a square, a=that side of a rectangle adjacent to the base 
or that side of a trapezoid parallel to the base, b=the base of a quadrilateral, h=the 
altitude of a parallelogram or trapezoid, S=the sum of the angles of a polygon, and 
n= the number of sides of a polygon: 
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Area of square: A=s? 

Area of rectangle: A=ab 
Area of parallelogram: A=bhA 
Area of trapezoid: Aaron 


Sum of angles in convex polygon: S=(n—2)180°. 


/ 

130. Circles.—A circle is a plane, closed curve, all points of which are equidistant 
from a point within, called the center (C, fig. 130); or the figure formed by such a curve. 
The line forming the circle is called the cir- 
cumference. The length of this line is the 
perimeter, although the term “circumfer- 
ence” is often used with this meaning. An 
are is part of a circumference. A major are 
is more than a semicircle (180°), a minor 
arc is less than a semicircle (180°). A semi- 
circle is half a circle (180°), a quadrant is 
a quarter of a circle (90°), a quintant is a 
fifth of a circle (72°), a sextant is a sixth of 
a circle (60°), an octant is an eighth of a 
circle (45°). Some of these names have been 
applied to instruments used by navigators 
for measuring altitudes of celestial bodies 
because of the part of a circle originally used 
for the length of the arc of the instrument. 

Concentric circles have a common center. 

A radius (plural radii) or semidiameter 
is a straight line connecting the center of a circle with any point.on its circumference. 
In figure 130, CA, CB, CD, and CE are radii. 

A diameter of a circle is a straight line passing through its center and terminating 
at opposite sides of the circumference, or two radii in opposite directions (BCD, fig. 
130). It divides a circle into two equal parts. The ratio of the length of the circum- 
ference of any circle to the length of its diameter is 3.14159+, or m (the Greek letter pi), 
a relationship that has many useful applications. 

A sector is that part of a circle bounded by two radii and an arc. In figure 130, 
BCE, ECA, ACD, BCA, and ECD are sectors. The angle formed by two radii is called 
a central angle. Any pair of radii divides a circle into sectors, one less than a semicircle 
(180°) and the other greater than a semicircle (unless the two radii form a diameter). 

A chord is a straight line connecting any two points on the circumference of a 
circle (FG, GN in fig. 130). Chords equidistant from the center of a circle are equal 
in length. 

A segment is that part of a circle bounded by a chord and the intercepted arc 
(FGMF, NGMN in fig. 130). A chord divides a circle into two segments, one less 
than a semicircle (180°), and the other greater than a semicircle (unless the chord is a 
diameter). A diameter perpendicular to a chord bisects it, its arc, and its segments. 
Either pair of vertical angles formed by intersecting chords has a combined number 
of degrees equal to the sum of the number of degrees in the two arcs intercepted by 
the two angles. 


Fraure 130.—Elements of a circle. 
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An inscribed angle is one whose vertex is on the circumference of a circle and 
whose sides are chords (F'G@N in fig. 130). It has half as many degrees as the arc it 
intercepts. Hence, an angle inscribed in a semicircle is a right angle if its sides ter- 
minate at the ends of the diameter forming the semicircle. 

A secant of a circle is a line intersecting the circle, or a chord extended beyond 
the circumference (KT in fig. 130). 

A tangent to a circle is a straight line, in the plane of the circle, which has only one 
point in common with the circumference (HJ in fig. 130). A tangent is perpendicular 
to the radius at the point of tangency (A in fig. 130). The two tangents from a point 
to opposite sides of a circle are equal in length, and a line from the point to the center 
of the circle bisects the angle formed by the two tangents. An angle formed outside a 
circle by the intersection of two tangents, a tangent and a secant, or two secants has 
half as many degrees as the difference between the two intercepted arcs. An angle 
formed by a tangent and a chord, with the apex at the point of tangency, has half as 
many degrees as the arc it intercepts. A common tangent is one tangent to more than 
one circle. Two circles are tangent to each other if they touch at one point only. If of 
different sizes, the smaller circle may be either inside or outside the larger one. 

Parallel lines intersecting a circle intercept equal arcs. 

If A=area; r=radius; d=diameter; C=circumference; s=linear length of an arc; 
a=angular length of an arc, or the angle it subtends at the center of a circle, in degrees; 
8=angular length of an arc, or the angle it subtends at the center of a circle, in radians; 
rad=radians (art. 138), and sin=sine (art. 139): 


Area of circle: A=ria™t 


Circumference of circle: C=2rr=rd=2r rad 
. Anetra 7B _7s 

Area of sector: A= 3607 22 

7?(6—sin a) 


Area of segment: A= 5 


131. Polyhedrons.—A polyhedron is a solid having plane sides or faces. 

A cube is a polyhedron having six square sides. 

A prism is a solid having parallel, similar, equal, plane geometric figures as bases, 
and parallelograms as sides. By extension, the term is also applied to a similar solid 
having nonparallel bases, and trapezoids or a combination of trapezoids and paral- 
lelograms as sides. The axis of a prism is the straight line connecting the centers of its 
bases. A right prism is one having bases perpendicular to the axis. The sides of a right 
prism are rectangles. A regular prism is a right prism having regular polygons as bases. 
The altitude of a prism is the perpendicular distance between the planes of its bases. 
In the case of a right prism, it is measured along the axis. 

A pyramid is a polyhedron having a polygon as one end, the base; and a point, the 
apex, as the other; the two ends being connected by a number of triangular sides or 
faces. The axis of a pyramid is the straight line connecting the apex and the center of 
the base. A right pyramid is one having its base perpendicular to its axis. A regular 
pyramid is a right pyramid having a regular polygon as its base. The altitude of a 
pyramid is the perpendicular distance from its apex to the plane of its base. A truncated 
pyramid is that portion of a pyramid between its base and a plane intersecting all of 
the faces of the pyramid. 
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If A=area, s=edge of a cube or slant height of a regular pyramid (from the center 
of one side of its base to the apex), V=volume, a=side of a polygon, h=altitude, P= 
perimeter of base, n=number of sides of polygon, B=area of base, and r=perpendicular 
distance from the center of a side of a polygon to the center of the polygon: 


Cube: 


Area of each face: A=s? 
Total area of all faces: A=6s? 
Volume: V=s’. 


Regular prism: 


Area of each face: A=ah 
Total area of all faces: A=Ph=nah 


Area of each base: B=" 


Total area of both bases: A=nar 


Volume: V= Bh="&™. 
Regular pyramid: 


Area of each face: A=5 


Total area of all faces: A="> 


Area of base: B=" 


Volume: V= aa 


132. Cylinders.—A cylinder is a solid having two parallel plane bases bounded 
by closed congruent curves, and a surface formed by an infinite number of parallel 
lines, called elements, connecting similar points on the two curves. A cylinder is similar 
to a prism, but with a curved lateral surface, instead of a number of flat sides connecting 
the bases. The axis of a cylinder is the straight line connecting the centers of the bases. 
A right cylinder is one having bases perpendicular to the axis. A circular cylinder is 
one having circular bases. The altitude of a cylinder is the perpendicular distance 
between the planes of its bases. The perimeter of a base is the length of the curve 
bounding it. 

If A=area, P=perimeter of base, h=altitude, r=radius of a circular base, B= 
area of base, and V=volume, then for a right circular cylinder: 


Lateral area: A=Ph=2zrrh 
Area of each base: B=zr? 

Total area, both bases: A=2zr’ 
Volume: V=Bh=rr°h. 


133. Cones.—A cone is a solid having a plane base bounded by a closed curve, 
and a surface formed by lines, called elements, from every point on the curve to a 
common point called the apex. A cone is similar to a pyramid, but with a curved 
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surface connecting the base and apex, instead of a number of flat sides. The axis of a 
cone is the straight line connecting the apex and the center of the base. A right cone 
is one having its base perpendicular to its axis. A circular cone is one having a circular 
base. The altitude of a cone is the perpendicular distance from its apex to the plane of 
its base. A frustum of a cone is 
that portion of the cone between 
its base and any parallel plane in- 
tersecting all elements of the cone. 
A truncated cone is that portion of 
a cone between its base and any 
nonparallel plane which intersects 
all elements of the cone but does 
not intersect the base. 

If A=area, r=radius of base, 
s=slant height or length of element, 
B=area of base, h=altitude, and 
V=volume, then for a right circular 
cone: 


Lateral area: A=zars 
Area of base: B=-nr? 


Slant height: s=7r?+h? 
ah 


Volume: en ornare 


134. Conic sections.—If a right 
circular cone of indefinite extent is 
intersected by a plane perpendicular 
to the axis of the cone (AB, fig. 
1348), the line of intersection of the 
plane and the surface of the cone is 
a circle. 

If the intersecting plane of fig- 
ure 134a is tilted to some position 
such as CD, the intersection is an 
ellipse or flattened circle, figure 
134b. The longest diameter of an 
ellipse is called its major axis, and 
half of this is its semimajor axis, a. 
The shortest diameter of an ellipse Fiaure 134a.—Conic sections. 
is called its minor axis, and half of 
this is its semiminor axis, b. Two points, / and F’, called foci (singular focus) or 
focal points, on the major axis are so located that the sum of their distances from any 
point P on the curve is equal to the length of the major axis. That is, PF+PF’=2a 


(fig. 134b). The eccentricity (e) of an ellipse is equal to = where c is the distance from 


the center to one of the foci ((=CF=CF’). It is always greater than 0 but less than 1. 


If the intersecting plane of figure 134a is parallel to one element of the cone, as 
at EF, the intersection is a parabola, figure 134c. Any point P on a parabola is equi- 
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P distant from a fixed point F, called the focus or 
focal point, and a fixed straight line, AB, called the 
directrix. Thus, for any point P, PF=PE. The 
point midway between the focus F' and the directrix 
AB is called the vertex, V. The straight line 


A 


Ficgur& 134b.—An ellipse. 


through F' and V is called the axis, CD. 
This line is perpendicular to the directrix 
AB. The eccentricity (e) of a parabola is 1. 

If the elements of the cone of figure 
134a are extended to form a second cone 
having the same axis and apex but extending 
in the opposite direction, and the intersecting 
plane is tilted beyond the position forming a 
parabola, so that it intersects both curves, 
as at GH, the intersections of the plane with 
the cones is a hyperbola, figure 134d. There 
are two intersections or branches of a hyper- 
bola, as shown. At any point P on either 
branch, the difference in the distance from 


two fixed points called foci or focal points, B 
F and F’, is constant and equal to the short- 
est distance between the two branches. That Figure 134c.—A parabola. 


A 


Figure 134d.—A hyperbola. 


is, PF—PF’=2a (fig. 134d). The straight line through F and fF’ is called the axis. 
The eccentricity (e) of a hyperbola is the ratio : (fig. 134d). It is always greater than 1. 
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Each branch of a hyperbola approaches ever closer to, but never reaches, a pair of 
intersecting straight lines, AB and CD, called asymptotes. These intersect at G. 

The various conic sections bear an eccentricity relationship to each other. The 
eccentricity of a circle is 0, that of an ellipse is greater than 0 but less than 1, that of a 
parabola or straight line (a limiting case of a parabola) is 1, and that of a hyperbola 
is greater than 1. 

If e=eccentricity, A=area, a=semimajor axis of an ellipse or half the shortest 
distance between the two branches of a hyperbola, b=the semiminor axis of an ellipse, 
and c=the distance between the center of an ellipse and one of its focal points or the 
distance between the focal point of a hyperbola and the intersection of its asymptotes: 


Circle: 
Eccentricity: e=0 
Other relationships given in article 130. 


Ellipse: 
Area: A=7ab 


Eccentricity: eo greater than 0, but less than 1. 


Parabola: 
Eccentricity: e=1. 
HAyperbola: 


Eccentricity: e=o greater than 1. 


When cones are intersected by some surface other than a plane, as the curved 
surface of the earth, the resulting sections do not follow the relationships given above, 
the amount of divergence therefrom depending upon the individual circumstances. 

135. Spheres.—A sphere is a solid bounded by a surface every point of which is equi- 
distant from a point within, called the center. It may be formed by rotating a circle 
about any diameter. 

A radius or semidiameter of a sphere is a straight line connecting its center with 
any point on its surface. A diameter of a sphere is a straight line through its center 
and terminated at both ends by the surface of the sphere. The poles of a sphere are 
the ends of a diameter. 

The intersection of a plane and the surface of a sphere is a circle, a great circle 
if the plane passes through the center of the sphere, and a small circle if it does not. 
The shorter arc of the great circle between two points on the surface of a sphere is the 
shortest distance, on the surface of the sphere, between the points. Every great circle 
of a sphere bisects every other great circle of that sphere. The poles of a circle on a 
sphere are the extremities of the sphere’s diameter which is perpendicular to the plane 
of the circle. All points on the circumference of the circle are equidistant from either 
of its poles. In the case of a great circle, both poles are 90° from any point on the cir- 
cumference of the circle. Any great circle may be considered a primary, particularly 
when it serves as the origin of measurement of a coordinate. The great circles through 
its poles are called secondaries. Secondaries are perpendicular to their primary. 

A spherical triangle is the figure formed on the surface of a sphere by the inter- 
section of three great circles. The lengths of the sides of a spherical triangle are measured 
in degrees, minutes, and seconds, as the angular lengths of the arcs forming them. The 
sum of the three sides is always less than 360°. The sum of the three angles is always 
more than 180° and less than 540°. 

A lune is that part of the surface of a sphere bounded by halves of two great circles. 
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A spheroid is a flattened sphere, which may be formed by rotating an ellipse about 
one of its axes. An oblate spheroid, such as the earth, is formed when an ellipse is rotated 
about its minor axis. In this case the diameter along the axis of rotation is less than 
the major axis. A prolate spheroid is formed when an ellipse is rotated about its major 
axis. In this case the diameter along the axis of rotation is greater than the minor axis. 


If A=area, r=radius, d=diameter, and V=volume of a sphere: 
Area: A=4nr’=nd? 
Arr? rd 
Volume: Maser = 10% 
If A=area, a=semimajor axis, b=semiminor axis, e=eccentricity, and V=volume 
of an oblate spheroid: 
4 


2 6 
A ee OY Ce Ah et pada 
Area: A=4ra (1 31635 ) 


2 A2 
Eccentricity: e=4/ ne 


4ra*b 
3 


136. Coordinates are magnitudes used to define a position. Many different types 
of coordinates are used. 

If a position is known to be at a stated point, no magnitudes are needed to identify 
the position, although they may be required to locate the point. Thus, if a vessel is 
at port A, its position is known if the location of port A is known, but latitude and 
longitude may be needed to locate port A. 

If a position is known to be on a given line, a single magnitude (coordinate) is 
needed to identify the position if an origin is stated or understood. Thus, if a vessel 
is known to be south of port 
B, it is known to be on a 
line extending southward 
from port B. If its distance 
from port B is known, and 
the position of port B is 
known, the position of the 
vessel is uniquely defined. 

If a position is known 
to be on a given surface, 
two magnitudes (coordi- 
nates) are needed to define 
the position. Thus, if a 
vessel is known to be on the 
surface of the earth, its 
position can be identified 
by means of latitude and 
longitude. Latitude indi- 
cates its angular distance 
north or south of the equa- 
tor, and longitude its angu- 
lar distance east or west 
of the prime meridian. 


Volume: V= 


y, 


Figure 136a.—Rectangular coordinates. 
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If nothing is known regarding a position other than that it exists in space, three 
magnitudes (coordinates) are needed to define its position. Thus, the position of a 
submarine may be defined by means of latitude, longitude, and depth below the surface. 

Each coordinate requires an origin, either stated or implied. If a position is known 
to be on a given plane, it might be defined by means of its distance from each of two 
intersecting lines, called axes. Thus, in figure 136a the position of point A can be 
defined by stating that it is z units to the right of line OY and y units upward from line 
OX. These are called rectangular coordinates. The coordinate along OY is called the 
ordinate, and the coordinate along OX is called the abscissa. Point 0 is the origin, and 
lines OX and OY the axes (called the X and Y axes, respectively). Point A is at position 
x, y. If the axes are not perpendicular but the lines z and y are drawn parallel to the axes, 
oblique coordinates result. Either type are Cartesian coordinates. A three-dimensional 
system of Cartesian coordinates, with X, Y, and Z axes, is called space coordinates. 

Another system of plane coordinates in common usage consists of the direction 
and distance from the origin (called the pole), as shown in figure 136b. A line extending 
in the direction indicated is called a radius vector. Direction and distance from a 
fixed point constitute polar coordinates, sometimes called the rho- (the Greek p, to 
indicate distance) theta (the Greek 0, to indicate di- 
rection) system. An example of its use is with respect 
to a radar PPI. 

Spherical coordinates are used to define a posi- 
tion on the surface of a sphere or spheroid by indi- 
cating angular distance from a primary great circle 
and a reference secondary great circle Familiar 
examples are latitude and longitude, altitude and 
azimuth, and declination and hour angle. 


Trigonometry 


137. Definitions.—Trigonometry is that branch 
of mathematics dealing with the relations among the 
angles and sides of triangles. Plane trigonometry 
is that branch dealing with plane triangles, and spherical trigonometry is that branch 
dealing with spherical triangles. 

188. Angular measure.—A circle may be divided into 360 degrees (°), which is 
the angular length of its circumference. Each degree may be divided into 60 minutes 
(’), and each minute into 60 seconds (”). The angular length of an arc is usually ex- 
pressed in these units. By this system a right angle or quadrant has 90° and a straight 
angle or semicircle 180°. In marine navigation, altitudes, latitudes, and longitudes are 
usually expressed in degrees, minutes, and tenths (27°14/4). Azimuths are usually 
expressed in degrees and tenths (164°7). The system of degrees, minutes, and seconds 
indicated above is the sexagesimal system. In the centesimal system, used chiefly in 
France, the circle is divided into 400 centesimal degrees (sometimes called grades) 
each of which is divided into 100 centesimal minutes of 100 centesimal seconds each. 

A radian is the angle subtended at the center of a circle by an arc having a linear 
length equal to the radius of the circle. A radian is equal to 57°2957795131 approxi- 
mately, or 57°17'44"80625 approximately. The radian is sometimes used as a unit 
of angular measure. A circle (360°) =2z7 radians, a semicircle (180°) =7 radians, a right 


Figure 136b.—Polar coordinates. 


angle (90°) =F radians, and 1’=0.0002908882 radians approximately. The length of 


the arc of a circle is equal to the radius multiplied by the angle subtended in radians. 
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Figure 139a.—Similar right triangles. 


139. Trigonometric functions are the various proportions or ratios of the sides of 
a plane right triangle, defined in relation to one of the acute angles. In figure 139a, 
let @ be any acute angle. From any point R on line OA draw a line perpendicular to 
OB at F. From any other point R’ on OA, draw a line perpendicular to OB at F’. 
Then triangles OFR and OF’R’ are similar right triangles because all their correspond- 
ing angles are equal. Since in any pair of similar triangles the ratio of any two sides of 
one triangle is equal to the ratio of the corresponding two sides of the other triangle, 
RE RW RF _RE’ OF OF’ 
OF OF” OR OR” °"4 OR—OR’ 


Irrespective of where the point R is located on OA, the ratio between the lengths of 
any two sides in the triangle OFR has a constant value. Hence, for any value of the 
acute angle 0, there is a fixed set of values for the ratios of the various sides of the 
triangle. These ratios are defined as follows: 


and 


sine #=sin peg cosecant 6=csc g—lypotenuse_ EOveauee 
hypotenuse side opposite 

cosine 6= cos fee ee secant @=sec papain 
hypotenuse side adjacent 


side opposite 
side adjacent 


side adjacent 


tangent 6=tan 6= side opposite 


cotangent 6=cot d= 


Of these six principal functions, the second three are the reciprocals of the first 
three. Thus, 


4 il 1 
ot opener ania 
1 
OI ner ta rer 
1 1 
HON gre OSL arse 


In figure 139b, A, B, and C are the angles of a plane right triangle, the right angle 
being at C. The sides are a, b, c, as shown. The six principal trigonometric functions of 
angle B are: 


sin B=?=008 A = cos (90°—B) cot B=-=tan A = tan (90°—B) 


a1 


cos B=*=sin A = sin (90°—B) sec B=-=csc A = ese (90°—B) 


=sec A = sec (90°—B)- 


SI1a AIS 


tan B= =cot A = cot (90°—B) ese B= 
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b 
FieurE 139b.—A right triangle. 


Since A and B are complementary, these relations show that the sine of an angle is the 
cosine of its complement, the tangent of an angle is the cotangent of its complement, 
and the secant of an angle is the cosecant of its complement. Thus, the co function of 
an angle is the function of its complement. 


sin (90°—A) = cos A esc (90°—A) = sec A 
cos (90°—A) = sin A sec (90°—A) = csc A 
tan (90°—A) = cot A cot (90°—A) = tan A. 


Certain additional relations are also classed as trigonometric functions: 


versed sine 6=versine 6=vers 6=ver 6=1—cos 6 
versed cosine 6=coversed sine 6=coversine 6=covers 6=cov 6=1—sin 6 
haversine 6=hav 6= ver 6=% (1—cos 8). 


The numerical value of a trigonometric function is sometimes called the natural 
function to distinguish it from the logarithm of the function, called the logarithmic 
function. Numerical values of the six principal functions are given at 1’ intervals in 
table 31. Logarithms are given at the same intervals in table 33. Both natural and 
logarithmic haversines are given in table 34. 


45° 


60° 


30° 90° 45° 90° 
V3 l 


Fraure 139c.—Numerical relationship of sides of 30°-60° and 45° triangles. 


Since the relationships of 30°-60° and 45° right triangles are as shown in figure 
139c, certain values of the basic functions can be stated exactly as shown in the follow- 
ing table: 
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Function 30° 45° 60° 
7 a | ea? | P38 
cosine et 3 a V2 1 
tangent = V3 i= 1 ee 
cotangent Ee i=1 a 43 


Dh De 
secant 33 A 


cosecant 


All trigonometric functions can 
be shown as lengths of lines in a 
unit circle. In figure 139d, 


sin 6=RIF cot @6=AB 
cos 6=OF sec 6=OD 
tan 6=DE esc 6=OA 
ver 6=FE cov 6=BC. 


Figure 139d.—Line definitions of trigonometric functions. 


140. The functions in various quadrants.—To make the definitions of the trigono- 
metric functions more general to include those angles greater than 90°, the functions 
are defined in terms of the rectangular cartesian coordinates of point R of figure 139a, 
due regard being given to the sign of the function. In figure 140a, OR is assumed to be a 
unit radius. By convention the sign of OR is always positive. This radius is imagined 
to rotate in a counterclockwise direction through 360° from the horizontal position at 
0°, the positive direction along the X-axis. Ninety degrees (90°) is the positive direction 
along the Y-axis. The angle between the original position of the radius and its 
position at any time increases from 0° to 90° in the first quadrant (1), 90° to 180° in 
the second quadrant (II), 180° to 270° in the third quadrant (III), and 270° to 360° in 
the fourth quadrant (IV). 
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Fiagur£ 140a.—The functions in various quadrants. 


The numerical value of the sine of an angle is equal to the projection of the unit 
radius on the Y-axis. According to the definition given in article 139, the sine of angle 6 


in the first quadrant of figure 140a is art Radius OR being equal to one, sin 0=+y. 


Since +y is equal to the projection of the unit radius OR on the Y-axis, the sine func- 
tion of an angle in the first quadrant defined in terms of rectangular cartesian co- 
ordinates does not contradict the definition in article 139. In figure 140a, 

sin 6=+y 

sin (180°—6)=+y=sin 6 

sin (180°+ 6) = —y=-— sin 8 

sin (360°— 6) = —y=sin (—§)=-— sin @. 

The numerical value of the cosine of an angle is equal to the projection of the unit 

radius on the X-axis. In figure 140a, 


cos 6=+X 
cos(180°—6) = —X=—cos 6 
cos(180°+6) = —X=—cos 0 
cos(360°—6) = +X =cos(—6) =cos 6. 


The numerical value of the tangent of an angle is equal to the ratio of the projec- 
tions of the unit radius on the Y- and X-axes. In figure 140a, 


ey’ cay alla ha 
tan ore tan (180°+6)= tan 6 
tan (180°—9) = ——tan 6 tan (360°—9) == tan (—é)=—tan 6. 
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The cosecant, secant, and cotangent functions of angles in the various quadrants are 
similarly determined: 


1 1 
c 6=—— sec (180°-+6)=—— = —sec 6 
i BS ( os ) Sah 
csc (130° —#) == exe 6 sec (60° 9) >= san (—6)=sec 6 
Sat +x 
1 +2 
esc (180°+ 0) =——= — csc 0 cot 6=—— 
=, mY! 


cot (R088) == 00h 6 


csc (360°—6)=——=ese (—6é)=—csc 6 


sec reise 


—x 
t (180°+6)=—— =cot 6 
aa cot ( +4) = co 


sec (180°—6) == —see 6 


cot (360°—6) ==" —cot (—0é)=—cot 6. 


The signs of the functions are shown in the following table: 


Functions 


sine and cosecant 

cosine and secant 

tangent and cotangent 

versine, coversine, and haversine 


++++ 
+ | 

++ | 
+141 


TaBLE 140a.—Signs of trigonometric functions by quadrant. 


The numerical values vary as shown in the following table and in figure 140b. 


Functions I II Ill IV 
| | 
sine 0 to +1 +1 to 0 0 to —1 —1 tod 
cosecant +o to +1 +1 to +o —o to —1 —lto—o 
cosine +1 to0 0 to —1 —1to0d 0to +1 
secant +1to+o —o to —1 —lto—o +o to +1 
tangent 0 to + —o to 0 0to + —o to 0 
cotangent +o to 0 0to—o +o to 0 0to —@ 
versine 0 to +1 +1 to +2 +2 to +1 +1 to 0 
coversine +1 to 0 0 to +1 +1 to +2 +2 to +1 
haversine 0 to+5 +5 to +1 +1 to arg +5 to 0 


TABLE 140b.—Values of trigonometric functions in various quadrants. These relationships are shown 
graphically in figure 140b. 
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Y= 
ae 


jueBue® 


-—-——_— 


0° 90° 180° 270° 360° 


2 


ae 
I 
| 


0° 90° 180° 270° 360° 
Fiaure 140b.—Graphic representation of values of trigonometric functions in various quadrants. 


A negative angle (—6@) is an angle measured in a clockwise direction or in a direction 
opposite to that of a positive angle. The functions of a negative angle and the correspond- 
ing functions of a positive angle are as follows: 


sin (—6)=-—sin 6 

cos (—@)=cos 6 

tan (—6)=—tan 6 

tan (—0@)=tan (360°—86). 


A trigonometric identity is an equality involving trigonometric functions of @ which 
is true for all values of 0, except those values for which one of the functions is not defined 
or for which a denominator in the equality is equal to zero. The fundamental identities 
are those identities from which other identities can be derived. 
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Fundamental Trigonometric Identities 


: il 
a ous 6 
cos ar F 
tan om Ee 
tan g— sin 9 

cos 6 


sin? 6+cos? 6=1 


sin (90°—6)=cos @ 
cos (90°—6) =sin 6 
tan (90°—6)=cot 0 


sin (—#)=—sin 6 
cos (—6)=cos 6 
tan (—6)=—tan @ 


sin (90°+6)=cos 6 
cos (90°+ 6) = —sin 0 
tan (90°+6)=—cot 0 


sin (180°—6)=sin 0 
cos (180°—#)=—cos 6 
tan (180°—6) = —tan 6 


sin (180°+6) = —sin 6 
cos (180°+ 6) =cos 6 
tan (180°+6)=tan 6 


sin (360°—6)=—sin 6 
cos (360°—6)=cos 6 
tan (360°—é) = —tan 6 


1+ cot? 6=csc? 6 


Reduction Formulas 


csc 6=-— 


sec 0= 


cot d= ane 


Coto 
sin 0 


tan? 6+1=sec? 6 


csc (90°—6) =sec 0 
sec (90°—6)=csc 0 
cot (90°—6)=tan 6 


csc (—6)=—csc 6 
sec (—0)=sec 0 
cot (—6)=—cot 6 


csc (90°+6) =sin 6 
sec (90°-+6) = —csc 6 
cot (90°+6) = —tan @ 


esc (180°—6)=csc @ 
sec (180°—6) = —sec 6 
cot (180°—6) = —cot 6 


esc (180°+6) = —csc 0 
sec (180°-+ 4) =sec 6 
cot (180°+6)=cot 6 


esc (860°—6) = —csc 6 
sec (360°—86) =sec 6 
cot (360°—6) = —cot 6 


141. Inverse trigonometric functions.—The angle having a given trigonometric 
function may be indicated in any of several ways. Thus, sin y=2, y=arc sin 2, and 
y=sin™! z have the same meaning. The superior —1 is not an exponent in this case. 
In each case, y is ‘‘the angle whose sine is z.”’ In this case, y is the inverse sine of 2. 
Similar relationships hold for all trigonometric functions. 
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142. Solution of triangles.—A triangle is composed of six parts: three angles and 
three sides. The angles may be designated A, B, and CO; and the sides opposite these 
angles as a, b, and c, respectively. In general, when three parts are known, the other 
three parts can be found, unless the known parts are the three angles of a plane triangle. 

Right plane triangles.—In a right plane triangle it is only necessary to substitute 
numerical values in the appropriate formulas representing the basic trigonometric 
functions (art. 139) and solve. Thus, if a and 6 are known: 


tan A=5 
B=90°—A 
c=a csc A. 
Similarly, if c and B are given: 
A=90°—B 
a=c sin A 
b=c cos A. 


Oblique plane triangles.—In solving an oblique plane triangle, it is often desirable 
to draw a rough sketch of the triangle approximately to scale, as shown in figure 142a. 
The following laws are helpful in solving such triangles: 


: a b Cc 
Law of siness  —— = > = > 
ds sin A sin B sinC 


Law of cosines: a?=b?+c’—2 bce cos A. 


B 


A b C 


Figure 142a.—A plane oblique triangle. 
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The unknown parts of oblique plane triangles can be computed by the formulas of 
table 142a, among others. By reassignment of letters to sides and angles, these formulas 
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can be used to solve for all unknown parts of oblique plane triangles. 


Se eee 


Known To find 
a, 6,¢ A 
a,b, A B 

C 
c 
a,b,C A 
B 
c 
a, A, B b 
C 
c 


Formula 


_ ¢+b?—a 
cos ea res 
a pe sin A 

a 


C=180°—(A+ B) 


_ asin C 
sin A 


asin O 
b—a cos C 


B=180°—(A+C) 


tan A= 


_ asin 0 


sin A 


_ asin B 


sin A 
C=180°—(A+B) 


pea sin C 


sin A 


Comments 


Cosine law 


Sine law. Two solutions if b>a 
A+ B+ C=180° 


Sine law 


A+B+C=180° 


Sine law 


Sine law 
A+B+C=180° 


Sine law 


TABLE 142a.—Formulas for solving oblique plane triangles. 


A 


Figure 142b.—Parts of a right 
spherical triangle as used in 


Napier’s rules. 
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FiaurE 142c.—Diagram for Napier’s Rules of Circular Parts. 


Right spherical triangles can be solved with the aid of Napier’s Rules of Circular 
Parts, devised by John Napier. If the right angle is omitted, the triangle has five parts: 
two angles and three sides, as shown in figure 142b. The triangle can be solved if any 
two parts are known. If the two sides forming the right angle, and the complements of 
the other three parts are used, these elements (called ‘parts’ in the rules) can be 
arranged in five sectors of a circle in the same order in which they occur in the triangle, 
as shown in figure 142c. Considering any part as the middle part, the two parts nearest it 
in the diagram are considered the adjacent parts, and the two farthest from it the 
opposite parts. The rules are: 

The sine of a middle part equals the product of (1) the tangents of the adjacent parts 
or (2) the cosines of the opposite parts. 

In the use of these rules, the cofunction of a complement can be given as the 
function of the element. Thus, the cosine of co-A is the same as the sine of A. From 
these rules the following formulas can be derived: 


sin a=tan 6 cot B=sin c sin A 
sin b>=tan a cot A=sinc sin B 
cos c=cot A cot B=cos a cos b 
cos A=tan b cot c=cos a sin B 
cos B=tan a cot c=cos b sin A. 


The following rules apply: 
1. An oblique angle and the side opposite are in the same quadrant. 


2. Side c (the hypotenuse) is less then 90° when a and 6 are in the same quadrant, 
and more than 90° when a and 6 are in different quadrants. 


If the known parts are an angle and its opposite side, two solutions are possible. 

A quadrantal spherical triangle is one having one side of 90°. A biquadrantal 
spherical triangle has two sides of 90°. A triquadrantal spherical triangle has three 
sides of 90°. A biquadrantal spherical triangle is isosceles and has two right angles 
opposite the 90° sides. A triquadrantal spherical triangle is equilateral, has three right 
angles, and bounds an octant (one-eighth) of the surface of the sphere. A quadrantal 
spherical triangle can be solved by Napier’s rules provided any two elements in addition 
to the 90° side are known. The 90° side is omitted and the other parts are arranged 
in order in a five-sectored circle, using the complements of the three parts farthest from 
the 90° side. In the case of a quadrantal triangle, rule 1 above is used, and rule 2 
restated: angle C (the angle opposite the side of 90°) is more than 90° when A and B are 
in the same quadrant, and less than 90° when A and B are in different quadrants. If the 
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rule requires an angle of more than 90° and the solution produces an angle of less than 
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90°, subtract the solved angle from 180°. 


Oblique spherical triangles.—An oblique spherical triangle can be solved by dropping 
a perpendicular from one of the apexes to the opposite side, extended if necessary, to 
form two right spherical triangles. It can also be solved by the following formulas, 


reassigning the letters as necessary. 


Known To find Formula 
ee a oe Abhay a—hav (b—c) 
ss sin 6 sin c 
__—cos S cos (S—A) 
A, B. C a hav esha Ihsan Goat 
O05 C6 c hav c=hav (a~6)-+sin a sin 6 hav C 
sin D tan C 
A tan ager tnarohoy 
B bef Basin C sin b 
sine 
c, A, B C cos C=sin A sin B cos c—cos A cos B 
. tan a= ten & sin £ 
~ sin (B+ £) 
tan c sin F 
b | San Oe rar) 
: cos a sin G 
a,b, A c sin Ce ch wn 
: sin A sin } 
se oe amar gee 
C sin (C+H)=sin H tan 6 cota 
don ule edhe 
cos B 
: sin asin B 
b sin. oSaaee 


Comments 


S=% (A+B+C) 


tan D=tan a cos C0 


tan H=tan A cosc 


tan F=tan Bcosc 


cot G=cos A tan b 


Two solutions 


Two solutions 


tan H=tan A cos b 
Two solutions 


cot K=tan B cos a 
Two solutions 


Two solutions 


sin (c—M)=cot A tan B sin M 


tan M=cos B tana 
Two solutions 


TaBLE 142b.—Formulas for solving oblique spherical triangles. 
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143. Other useful formulas.—In addition to the fundamental trigonometric identities 
and reduction formulas given in article 140, the following formulas apply to plane and 
spherical trigonometry: 


Addition and Subtraction Formulas 


sin (6+¢)= sin 6 cos $+ cos @ sin ¢ 
cos (6+¢)= cos 6 cos ¢— sin O sin ¢ 
sin (@—¢)= sin 6 cos ¢— cos 6 sin ¢ 


cos (@—¢)= cos 6 cos ¢+ sin 6 sin ¢ 


_ tan 6+tan ¢_ 

ADs) = ery cae 
Double-Angle Formulas Half-Angle Formulas 
sin 26=2 sin 6 cos 6 od 0 fs Va 6 

cos 26=cos? @—sin? 6 2 2 

_ 2tané Ons 1+cos 6 
ee earns G Oe OF x4/tos? 
6 1—cos 6 
alo ir = vi +cos 6 


The following are useful formulas of spherical trigonometry: 


Law of Cosines for Sides Law of Cosines for Angles 
cos d= cos b cos c + sin b sin ccos A cos A= — cos Bcos C+ sin Bsin Ccosa 
cos b= cosc cosa + sin csinacos B cos B= — cos C cos 4+ sin Csin A cos 
cos c= cosacos b + sin asin b cos C. cos C= — cosAcos B+ sin Asin B cos c. 


Law of Sines 


sina sind sinc 


Napier’s Analogies 


aa—b A—B 

tan H(A+B)— cot 30 tan Hats) tan 4c 
in 3(a—b sin 4(A—B 

ae y(A—B) =n Leva Lee aoa na fae 


Five Parts Formulas 


sin a cos B= cos bsin c — sin 6b cos c cos A 
sin 6 cos C= cos csina — sin ¢ cos a cos B 
sin c cos A= cos asin 6 — sin a cos 6 cos C. 
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Haversine Formulas 


hav a= hav (b~c) + sin 6b sin c hav A hay A= [hav a— hav (b~c)] csc b csc ¢ 
hav b= hav (a~c) + sin asin c hav B hav B= [hav b— hav (a~c)] csc a ese ¢ 
hav c= hav (a~d) + sin a sin 6 hav Chav C= [hav c— hav (a~b)] ese a csc 0B. 


144. Functions of a small angle.—In figure 144a, small angle 6, measured in 
radians, is subtended by the arc RR’ of a circle. The radius of the circle is 7, and R’P 
is perpendicular to OR at P. Since the length of the arc of a circle is equal to the radius 
multiplied by the angle subtended in radians, 


BR =r x0: 
When @ is sufficiently small for R’P to approximate RR’, 


sin 6=06 

/ ? 

and sin 6=——- 
r 


: RR 
since 6= - 


For small angles, it can also be shown that 
tan 6=6. 
If there are x minutes of arc (z’) in a small angle of 6 radians, 
Sin,a-=—2 sin 1”. 
Figure 144a also shows that when 6 is small, OP is approximately equal to the 


radius. Therefore, cos 6 can be taken as equal to 1. 
Another approximation can be obtained if cos 6 is expressed in terms of the half- 


angle: 


R! 


cos 6=1—2 sin? se 6 


2, 

1 2 

cos 6=1—2 (5 ) 
1 


=]—-=— 6@?. 
cos 6=1 5? 


0 
p R 
Ficure 144a.—A small angle. 


Calculus 


145. Definitions.—Calculus is that branch of mathematics dealing with the rate 
of change of one quantity with respect to another. 

A constant is a quantity which does not change. If a vessel is making good a 
course of 090°, the latitude does not change and is therefore a constant. 

A variable, where continuous, is a quantity which can have an infinite number of 
values, although there may be limits to the maximum and minimum. Thus, from lati- 
tude 30° to latitude 31° there are an infinite Lumber of latitudes, if infinitesimally small 
units are taken, but no value is less than 30° nor more than 31°. If two variables are 
so related that for every value of one there is a corresponding value of the other, one of 
the values is known as a function of the other. Thus, if speed is constant, the distance 
a vessel steams depends upon the elapsed time. Since elapsed time does not depend 
upon any other quantity, it is called an independent variable. The distance depends 
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upon the elapsed time, and therefore is called a dependent variable. If it is required 
to find the time needed to travel any given distance at constant speed, distance is the 


- independent variable and time is the dependent variable. 


The principal processes of calculus are differentiation and integration. 

146. Differentiation is the process of finding the rate of change of one variable 
with respect to another. If x is an independent variable, y is a dependent variable, and 
y is a function of z, this relationship may be written y=f(z). Since for every value of 


_ there is a corresponding value of y, the relationship can be plotted as a curve, figure 


146. In this figure, A and B are any two points on the curve, a short distance apart. 


Figure 146.—Differentiation. 


The difference between the value of z at A and at Bis Az (delta x), and the correspond- 
ing difference in the value of y is Ay (delta y). The straight line through points A and 
B is a secant of the curve (art. 130). It represents the rate of change between A and 
B, for anywhere along this line the change of y is proportional to the change of z. 


As B moves closer to A, as shown at B’, both Az and Ay become smaller, but at a 
different rate, and au changes. This is indicated by the difference in the slope of the 


secant. Also, that part of the secant between A and B moves closer to the curve and 
becomes a better approximation of it. The limiting case occurs when B reaches A or 
is at an infinitesimal distance from it. As the distance becomes infinitesimal, both Ay 
and Az become infinitely small, and are designated dy and dz, respectively. The straight 
line becomes tangent to the curve, and represents the rate of change, or slope, of the 


SS 8s eid "Eten 
curve at that point. This is indicated by the expression oe called the derivative of y 


with respect to z. 
The process of finding the value of the derivative is called differentiation. It 
depends upon the ability to connect z and y by an equation. For instance, if y=2", 


Wns, If n=2,,y—x?, and a 2x. This is derived as follows: If point A on the 


a 
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curve is z, y; point B can be considered z+ Az, y+ Ay. Since the relation y=z’ is true 
anywhere on the curve, at B: 
yt Ay= (a+ Az)?=2?+2rAz-+ (Az)?. 
Since y=z?, and equal quantities can be subtracted from both sides of an equation 
without destroying the equality: 
Ay=2zAr+(Az)?. 


Dividing by Az: Ae 2a Ae. 
As B approaches A, Az becomes infinitesimally small, approaching 0 as a limit. There- 
fore st approaches 2z as a limit. 


This can be demonstrated by means of a numerical example. Let y=z’. Suppose 
at A, e=2 and y=4, and at B, r=2.1 and y=4.41. In this case Ar=0.1 and Ay=0.41, 


and 


Ay _ 0.41 
Az 0.1 fe 


From the other side of the equation: 
22+ Ar=2X2+0.1=4.1. 


Ay 


If Az is 0.01 and Ay is 0.0401, 5¥=4.01. If Ac is 0.001 Ay 


oe —“=4.001; and if Az is 0.0001, 
Ay 


ie =4.0001. As Az approaches 0 as a limit, $Y “ approaches 4, which is therefore the 


value a Therefore, at point A the rate of change of y with respect to z is 4, or y is 


increasing in value 4 times as fast as z. 

An example of the use of differentiation in navigation is the Ad value in 
Pub. No. 214. This is the change of altitude for a change of 1’ of declination. In this 
case, declination is the independent variable, altitude is the dependent variable, and 
both meridian angle (H.A.) and latitude are constants. The rate of change at the 
tabulated value is desired, so that the table can be entered with the nearest tabulated 
value of declination, and interpolation performed in either direction (either larger or 
smaller values of declination). 


147. Integration is the inverse of differentiation. Unlike the latter, however, it 
is not a direct process, but involves the recognition of a mathematical expression as 
the differential of a known function. The function sought is the integral of the given 
expression. Most functions can be differentiated, but many cannot be integrated. 

Integration can be considered the summation of an infinite number of infinites- 
imally small quantities, between specified limits. Consider, for instance, the problem of 
finding an area below a specified part of a curve for which a mathematical expression 
can be written. Suppose it is desired to find the area ABCD of figure 147. If vertical 
lines are drawn dividing the area into a number of vertical strips, each Az wide, and if y 
is the height of each strip at the midpoint of Az, the area of each strip is approximately 
yAz; and the approximate total area of all strips is the sum of the areas of the indi- 


vidual strips. This may be written 2) yAt, meaning the sum of all y Az values between 
1 


z, and z,. The symbol 2) is the Greek letter sigma, the equivalent of the English S. 
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Fiaure 147.—Integration. 


If Az is made progressively smaller, the sum of the small areas becomes ever closer to 
the true total area. If Az becomes infinitely small, the summation expression is written 


if: ydz, the symbol dz denoting an infinitely small Az. The symbol {, called the 
‘Gntegral sign,” is a distorted S. 


An expression such as f o ydz is called a definite integral because limits are 


specified (z, and z,). If limits are not specified, as in Jf vas, the expression is called 


an indefinite integral. 


A navigational application of integration is the finding of meridional parts, table 5. 
The rate of change of meridional parts with respect to latitude changes progressively. 
The formula given in the explanation of the table is the equivalent of an integral repre- 
senting the sum of the meridional parts from the equator to any given latitude. 


148. Differential equations.—An expression such as dy or dz is called a differential. 
An equation involving a differential or a derivative is called a differential equation. 


As shown in article 146, if y=z’, a =2zx. Neither dy nor dz is a finite quantity, 


but both are limits to which Ay and Az approach as they are made progressively smaller. 


Therefore 2 is merely a ratio, the limiting value of ou and not one finite number 
divided by another. However, since the ratio is the same as would be obtained by 
using finite quantities, it is possible to use the two differentials dy and dz independently 


in certain relationships. Differential equations involve such relationships. 
Other examples of differential equations are: 
d sin z=cos x dz d csc z==—cot x csc x dz 


d cos z=—sin z dz d sec z=tan z sec z dx 
d tan z=sec? z dz d cot x=— csc? zx dz. 
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Some differential equations indicating the variations in the astronomical triangle 
are: 
dh=—cos L sin Z dt; L and d constant 
dh=cos Z dL; d and t constant 
dh=—cos h tan M dZ; L and d constant 
dZ=—sec L cot tdL; d and h constant 
dZ=tan h sin ZdL; d and t constant 

dt=—sec L cot ZdL; d and h constant 
dZ=cos d sec h cos M dt; L and d constant 
dd=cos d tan M dt; L and h constant 
dd=cos L sin tdZ; L and h constant, 


where h is the altitude, L is the latitude, Z is the azimuth angle, d is the declination, ¢ 
is the meridian angle, and M is the parallactic angle. 


| 
| 


CHAPTER II 
INTERPOLATION 


201. Introduction.—If one quantity varies with changing values of a second 
quantity, and the mathematical relationship of the two is known, a curve can be 
drawn to represent the values of one corresponding to various values of the other. 
To find the value of either quantity corresponding to a given value of the other, one 
finds that point on the curve defined by the given value, and reads the answer on the 
scale relating to the other quantity. This assumes, of course, that for each value of 
one quantity, there is only one value of the other quantity. 


Information of this kind can also be tabulated. Each entry represents one point 
on the curve. The finding of a value between tabulated entries is called interpolation. 
The extending of tabulated values to find values beyond the limits of the table is called 
extrapolation. 


Thus, the Nautical Almanac tabulates values of declination of the sun for each 
hour of Greenwich mean time. The finding of declination for a time between two 
whole hours requires interpolation. Since there is only one entering argument (in this 
case GMT), single interpolation is involved. 


Table 19 gives the distance traveled in various times at certain speeds. In this 
table there are two entering arguments. If both given values are between tabulated 
values, double interpolation is needed. 


In Pub. No. 214, azimuth angle varies with a change in any of the three 
variables latitude, declination, and meridian angle. With intermediate values of all 
three, triple interpolation is needed. 


Interpolation can sometimes be avoided. A table having a single entering argu- 
ment can be arranged as a critical table. An example is the dip (height of eye) correc- 
tion on the inside front cover of the Nautical Almanac. Interpolation is avoided through 
dividing the argument into intervals so chosen that successive intervals correspond to 
successive values of the required quantity, the respondent. For any value of the argu- 
ment within these intervals, the respondent can be extracted from the table without 
interpolation. The lower and upper limits (critical values) of the argument correspond 
to half-way values of the respondent and, by convention, are chosen so that when the 
argument is equal to one of the critical values, the respondent corresponding to the 
preceding (upper) interval is to be used. Another way of avoiding interpolation would 
be to include every possible entering argument. If this were done for Pub. No. 214, 
interpolation being eliminated for declination only, and assuming declination values 
to 0/1, the number of volumes would be increased from nine to more than 5,000. If 
interpolation for meridian angle and latitude, to 0/1, were also to be avoided, a total 
of more than 1,800,000,000 volumes would be needed. A more practical method 
is to select an assumed position to avoid the need for interpolation for two of the 
variables. 


202. Single interpolation.—The accurate determination of intermediate values 
requires knowledge of the nature of the change between tabulated values. The simplest 
relationship is linear, the change in the tabulated value being directly proportional to 
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the change in the entering argument. Thus, if a vessel is proceeding at 15 knots, the 
distance traveled is directly proportional to the time, as shown in figure 202a. The 


same information might be given in tabular form, as shown in table 202a. Mathemat- 
15t_ t 


ically, this relationship for 15 knots is written D=% = where D is distance in nau- 


tical miles, and t is time in minutes. 


In such a table, interpolation can be accomplished by simple proportion. Suppose, 
for example, that the distance is desired for a time of 15 minutes. It will be some 


8 
7 
6 
2 * 
ip Minutes | Miles 
= 
=4 
i. 0 0.0 
Zz 3 4 0) 
8 2.0 
ae 12 3.0 
16 4.0 
: 20 5. 0 
24 6. 0 
, 28 7.0 
0. @ =. 8 i 116) 20° ‘S4) pide) 7a0 32 8.0 
TIME IN MINUTES 


Ap 
4 


FIGurRE 202a.—Plot of D= TaBLE 202a.—Table of D= 


elt 


value between 3.0 and 4.0 miles, because these are the distances for 12 and 16 min- 
utes, respectively, the tabulated times on each side of the desired time. The propor- 
tion might be formed as follows: 


12 3.0 
al aida 7) y 11.0 
16 4.0 
Pisoks 
40°10 
pa 0.75 (0.8 to nearest 0.1 mi.) 


y=3.0+2=3.0+0.8=3.8 mi. 


A simple interpolation such as this should be performed mentally. During the 
four-minute interval between 12 and 16 minutes, the distance increases 1.0 mile from 
3.0 to 4.0 miles. At 15 minutes, % of the interval has elapsed, and so the distance 
increases % of 1.0 mile, or 0.75 mile, and is therefore 3.0+0.8=3.8, to the nearest 
0.1 mile. 


| 
| 
| 
| 


| 


| 
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This might also have been performed by starting with 16 minutes, as follows: 


3.0 
5\4 iF 
1 es y 11.0 
16 4.0 
1_(—)z 
4. 51,0 


z=(—)0.25 (—0.2 to the nearest 0.1 mi.) 
y=4.0—0.2=3.8 


Mentally, 15 is one quarter of the way from 16 to 12, and therefore the distance is % 
the way between 4.0 and 3.0, or 3.8. 

This interpolation might have been performed by noting that if distance changes 
1.0 mile in four minutes, it must change =0.1 mile in aa04 minute, or 24 seconds. 
This relationship can be used for mental interpolation in situations which might seem 
to require pencil and paper. Thus, if distance to the nearest 0.1 mile is desired for 
13™15*, the answer is 3.3 miles, determined as follows: The time 13715° is 1™15° (172 
approx.) more than 12™. If 1.2 is divided by 0.4, the quotient is 3, to the nearest whole 
number. Therefore, 3X0.1=0.3 is added to 3, the tabulated value for 12 minutes. 
Alternatively, 13™15° is 2™45*° (2™8 approx.) less than 16", and 2.8+0.4=7, and 
therefore the interpolated value is 7X0.1=0.7 less than 4, the tabulated value for 16”. 
In either case, the interpolated value is 3.3 miles. 

A common mistake in single interpolation is to apply the correction (zr) with the 
wrong sign, particularly when it should be negative (—). This mistake can be avoided 
by always checking to be certain that the interpolated value lies between the two 
values used in the interpolation. 

When the curve representing the values of a table is a straight line, as in figure 
202a, the process of finding intermediate values in the manner described above is called 
linear interpolation. If tabulated values of such a line are exact (not approximations), 
as in table 202a, the interpolation can be carried to any degree of precision without 


sacrificing accuracy. Thus, in 21.5 minutes the distance is 5.0-++2? X1.0=5.375 miles. 


1.9364 
4 
which has little or' no significance in practical navigation. If one had occasion to find 
such a value, it could most easily be done by dividing the time, in minutes, by 4, since 
the distance increases at the rate of one mile each four minutes. This would be a case 
of avoiding interpolation by solving the equation connecting the two quantities. For 
a simple relationship such as that involved here, such a solution might be easier than 

interpolation. 

Many of the tables of navigation are not linear. Consider figure 202b. From table 
29 it is found that for latitude 25° and declination 8°, same name, the variation of 
altitude in one minute of time from meridian transit (the altitude factor) is 6”0 (0/1). 
For a limited angular distance on each side of the celestial meridian, the change in 
altitude is approximately equal to at?, where a is the altitude factor (from table 29) 
and t is the time in minutes from meridian transit. Figure 202b is the plot of change in 
altitude against time. The same information is shown in tabular form in table 202b. 


Similarly, for 29.9364 minutes the distance is 7.0+ X 1.0=7.4841 miles, a value 


422 INTERPOLATION 


To be strictly accurate in interpolating in such a table, one should consider the 
curvature of the line. However, in most navigational tables the points on the curve 
selected for tabulation are sufficiently close that the portion of the curve between 
entries can be considered a straight line without introducing a significant error. This is 
similar to considering the line of position from a celestial observation as a part of the 
circle of equal altitude. Thus, to the nearest 0/1, the change of altitude for 3.4 minutes 
is 0/9+(0.4X0!7)=0/9+0!3=1'2. The correct value by solution of the formula is 
1/156. The value for 6.8 minutes is 4/6 by interpolation and 4/624 by computation. 

If the direction of curvature of the ¢urve changes between entering arguments, an 
erroneous result might be obtained. Thus, in Pub. No. 214, the tabulated altitude for 
latitude 53° and meridian angle 0° is 89°30/0 for declination 52°30’ same name, and 
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Figure 202b.—Plot of altitude change=at?. TABLE 202b.—Table of altitude change=at?, 
where a=0/1. 


89°00‘0 for declination 54°00’ same name, the next entry. By linear interpolation for 
declination 53° same name the altitude is 89°20'0. The correct value is 90°00/0. 
Between declination 52°30’ and 53°00’ the altitude increases to 90°00‘0 and then 
decreases as declination increases. Such instances are infrequent in navigation, and 
generally occur at a part of the table that is not commonly used, or for which special 
provisions are made. 


203. Double interpolation.—In a double-entry table it may be necessary to inter- 
polate for each entering argument. Table 203a is an 


TI Rao extract from table 27 (amplitudes). If one entering 
Lat. argument is an exact tabulated value, the amplitude 
can be found by single interpolation. For instance, if 
21°5 22°0 latitude is 45° and declination is 21°8, amplitude is 
31°2-+(2X0%8 )=31°2+0°5=31°7. However, if neither 
° ° ° 

45 31.2 39 0 entering argument is a tabulated value, double inter- 
46 31.8 32.6 polation is needed. This may be accomplished in any 

of several ways: 


TABLE 203a.—Excerpts from 
amplitude table. 


1. “Horizontal” method. Use single interpolation for declination for each tabulated 
value of latitude, followed by single interpolation for latitude. Suppose latitude is 
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45°7 and declination is 21°8. First, find the amplitude for latitude 45°, declination 
21°8, as above, 31°7. Next, repeat the process for latitude 46°: 31°8-+(2Xx0°8 )= 


32°3. Finally, interpolate between 31°7 and 32°3 for latitude 45°7: 31°7+(0.7X 
0°6)=32°1. This is the equivalent of first inserting a new column for declination 
21°8, followed by single interpolation in this column, as shown in table 203b. 


Declination Declination 
Lat. Lat. 
Dice. 21°8 22°0 Dil Dee os 22 20) 
ape a 
° ° ° ° fo) fo) o fo) 

45 Bing? Sa 32. 0 45 31.2 ay4 0) 

46.7 32.1 etude 31.6 BY a dE 32. 4 

46 31.8 By 32. 6 46 31.8 32. 6 
TABLE 203b.—‘‘ Horizontal’? method of double TABLE 203c.—‘‘Vertical’’ method of double 

’ interpolation. interpolation. 


2. “Vertical’’ method. Use single interpolation for latitude for each tabulated 
value of declination, followed by single interpolation for declination. Consider the 
same example as above. First, find the amplitude for declination 21°5, latitude 
45°7: 31°2+(0°7X0°6)=31°6. Next, repeat the process for declination 22°0: 
32°0-+ (0°7 X0°6) =32°4. Finally, interpolate between 31°6 and 32°4 for decli- 


nation 21°8: 3126+ (22028 )=32°1. This is the equivalent of first inserting a new line 


for latitude 45°7, followed by single interpolation in this line, as shown in table 203c. 

3. Combined method. Select a tabulated “‘base’’ value, preferably that nearest the 
given tabulated entering arguments. Next, find the correction to be applied, with its 
sign, for single interpolation of this base value both horizontally and vertically. Finally, 
add these two corrections algebraically and apply the result, in accordance with its 
sign, to the base value. In the example given above, the base value is 32°6, for declina- 
tion 22°0 (21°8 is nearer 22°0 than 21°5) and latitude 46° (45°7 is nearer 46° than 45°). 


The correction for declination is 2X (—)0°8=(—)0°%3. The correction for latitude is 


0°3X (—)0°6=(—)0°2. The algebraic sum is(—)0°3+(—)0°2=(—)0°5. The in- 
terpolated value is then 32°6—0°5=32°1. This is the method customarily used by 
navigators. 

204. Triple interpolation With three entering arguments, the process is similar 
to that for double interpolation. It would be possible to perform double interpolation 
for the tabulated value on each side of the given value of one argument, and then 
interpolate for that argument, but the method would be tedious. The only method 
commonly used by navigators is that of selecting a base value and applying corrections. 
Suppose, for instance, that the azimuth angle is desired for latitude 41°3, declination 
21°9 contrary name, meridian angle 16°6 using Pub. No. 214. The base value (lat. 41°, 
Dec. 22°, t 17°) is 162°6. The corrections are 

lat: 41°3: 0,8 < GE)0sl = 0°0 
Dec. 21°9: 0.2 X (—) 0°91 = 0°0 
t  16°6:0.4 X (+) 190 =(+) 024 

Total (+) 0°4. 
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The triple interpolated value is 162°6+0°4= 163°.0 


205. Nonlinear -interpolation.—When the curve representing the values of a table 
is nearly a straight line, or the portion of the curve under consideration is nearly a 
straight line, linear interpolation suffices. However, when the successive tabular values 
are so nonlinear that a portion of the curve under consideration is not a close approxi- 
mation of a straight line, it is necessary to include the effects of second differences, and 
possibly higher differences, as well as first differences in the interpolation. 

The plot of table 205a data in figure 205 indicates that the altitude does not change 
linearly between declination values of 51° and 52°. If the first difference only were 
used in the interpolation, the interpolated value of altitude would lie on the straight 
line between points on the curve for declination values of 51° and 52°. 


LHA 38°, Lat. 45° (Same Name as Declination) 


Dec. ht (Tab. Hc) First Difference Second Difference 
50° 64°08 /2 
+ 2'8: 
ie 64°11/0 —2'3 
+ Ob: 
iSpy 64°11/5 —2'1 
—1/6: 
53° 64°09 /9 
TABLE 205a.—Data from Pub. No. 229. 64°12—- 
—~€—=64°11.'6—-— 
-[ 
114 | 
| 
® | 
aS | 
5 
pa ls, |  LHA 38° 
= |< bat. 45° 
Function 1st Dorf. 2nd Diff. (Same Name) 
Cy BE 
f 094 3 
fo | Ae | gp : 
-1 ACS p ie ® 
fy , A 0 A 
f A 1/2 A” \ 
f. Ae C2 64°08 : 1 ___ 
f. A’oip A DOE Dl LS yate 53° 
3 
Declination 
TABLE 205b.—Notation used with Bessel’s formula. Fieure 205.—Altitude curve. 


If the altitude for declination 51°30’ is obtained using only the first difference, 
. : : ; ¢ : Wi res 
i.e., the difference between successive tabular altitudes in this case, Hc=64°11 0+ 657 x 


0'5=64°11/3. However, inspection of figure 205 reveals that this interpolated altitude 
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is 0'3 low. If the tabular data were such that the differences between successive first 
differences, the second differences, were nearly zero, interpolation using the first 
difference only would provide the correct altitude. In this case, however, second dif- 
ferences are significant and must be included in the interpolation. 

Table 205b shows the format and notation used to distinguish the various tabular 
quantities and differences when using Bessel’s formula for the nonlinear interpolation. 
The quantities f_», f_1, f., f,, fo, fs represent successive tabular values. 

Allowing for first and second differences only, Bessel’s formula is stated as: 


fp=f,+ pAi2+B" (Ay +A), 


In this case, f, is the computed altitude; f, is the tabular altitude; p is the fraction of 
the interval between tabular values of declination. The quantity B” is a function of p 
and is always negative. This Besselian Coefficient is tabulated in Table XIII of The 
American Ephemeris and Nautical Almanac. The quantity (4° +4y’) is the double 
second difference (DSD), which is the sum of successive second differences. 

Applying Bessel’s formula to the data of table 205a to obtain the altitude for a 
declination of 51°30’, 


f,=f)+pAij,.+B” (Aj +A/) 
He=64°11/0-+20, (0’5)-+(—0.062) [—2’3+(—2/1)] 
He=64°11'0-+0/3-+0/3=64°11/6. 


206. Interpolation tables.—A number of frequently used navigation tables are pro- 
vided with auxiliary tables to assist in interpolation. Table 32 (Logarithms of Numbers) 
provides columns of ‘‘d” (difference between consecutive entries) and auxiliary ‘‘pro- 
portional parts” tables. The auxiliary table for the applicable difference ‘‘d” is selected 
and entered with the digit of the additional place in the entering argument. The value 
taken from the auxiliary table is added to the base value for the next smaller number 
from the main table. Suppose the logarithm (mantissa) for 32747 is desired. The base 
value for 3274 is 51508, and “‘d” is 13. The auxiliary table for 13 is entered with 7, 
and the correction is found to be 9. If this is added to 51508, the interpolated value is 
found to be 51517. This is the same result that would be obtained by subtracting 51508 
from 51521 (the logarithm for 3275) to obtain 13, multiplying this by 0.7, and adding 
the result (9) to 51508. 

Tables 31 and 33 provide the difference between consecutive entries, but no pro- 
portional parts tables. 

The Nautical Almanac ‘Increments and Corrections’’ are interpolation tables for 
the hourly entries of GHA and declination. The increments are the products of the 
constant value used as the change of GHA in 1 hour and the fractional part of the hour. 
The corrections provide for the difference between the actual change of GHA in 1 
hour and the constant value used. The corrections also provide the product of the 
change in declination in 1 hour and the fractional part of the hour. 


The main part of the four-page interpolation table of Pub. No. 229 is basically a 
multiplication table providing tabulations of: 


Declination Increment 


Altitude Difference 60’ 
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The design of the table is such that the desired product must be derived from 
component parts of the altitude difference. The first part is a multiple of 10’ (10’, 20’, 
30’, 40’, or 50’) of the altitude difference; the second part is the remainder in the 
range 0/0 to 9/9. For example, the component parts of altitude difference 44‘3 are 40’ 
and 4/3. ; 

In the use of the first part of the altitude difference, the table arguments are de- 
clination increment (Dec. Inc.) and the integral multiple of 10’ in the altitude difference, 
d. As shown in figure 206a, the respondent is: 


Dec. Inc. 
TensX— gor — 

In the use of the second part of the altitude difference, the interpolation table 
arguments are the nearest Dec. Inc. ending in 0‘5 and Units and Decimals. The re- 


spondent is: 
Dec. Inc. 


Units and DecimalsX 60’ 

In computing the table, the values in the Tens part of the multiplication table 
were modified by small quantities varying from —0‘042 to +0/033 before rounding to 
the tabular precision to compensate for any difference between the actual Dec. Inc. 
and the nearest Dec. Inc. ending in 0'5 when using the Units and Decimals part of the 
table. 
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Dec. Inc. 
60’ 


0.21.0 1.72.5 [3.3/4.0 485.5 637.1 


Units & Decimals X 
Dec. Inc. 


T 
ens X 60 


7.6 15.2 228 37.9 


45'.5 
40’ X —— = 30’. 
x 30 30.3 


@@evNew avvn-o 


Figure 206a.—Interpolation table. 


Using the interpolation table shown in figure 206b to obtain the altitude for 51°30’ 
from the data of table 205a, the linear correction for the first difference (+0/5) is +0/3. 
This correction is extracted from the Units and Decimals block opposite the Dec. Inc. 
(30/0). The correction for the double second difference (DSD) is extracted from the 
DSD subtable opposite the block in which the Dec. Inc. is found. The argument for 
entering this critical table is the DSD (—4/4). The DSD correction is +0/3. Therefore, 


Hc=ht + first difference correction + DSD correction 
=6§4°1170: --9073°-++ 013 ="64°11°6. 
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Altitude Difference (d) 


Decimals / 


50' 
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Figure 206b.—Interpolation table. 


207. Extrapolation.—The extending of a table is usually performed by assuming 
that the difference between the last few tabulated entries will continue at the same 
rate. This assumption is strictly correct only if the change is truly linear, but in most 
tables the assumption provides satisfactory results for a slight extension beyond tabu- 
lated values. The extent to which the assumption can be used reliably can often be 
determined by noting the last few differences. If the ‘second differences” (differences 
between consecutive differences) are nearly zero, the curve is nearly a straight line, for 
a short distance. But if consecutive second differences are appreciable, extrapolation is 
not reliable. For examples of linear and nonlinear relationships, refer to the first page 
of table 33 and compare the tabulated differences of the logarithms of secant (approxi- 
mately linear on this page) and sine (nonlinear on this page). 

As an example of extrapolation, consider table 27. Suppose the amplitude for lati- 
tude 45°, declination 24°3 is desired. The last declination entry is 24°0. The amplitude 
for declination 23°5 is 34°3, and for declination 24°0 it is 35°1. The difference is (+) 
0°8. Assuming this same difference between declinations 24°0 and 24°5, one finds 


the value for 24°3 is 3521-+($X0°8 )=35%6. Below latitude 50° this table is so nearly 


linear that extrapolation can be carried to declination 30° without serious error. 
For double or triple extrapolation, differences are found as in single interpolation. 


208. General comments.—As a general rule, the final answer should not be given 
to greater precision than tabulated values. A notable exception to this rule is the case 
where tabulated values are known to be exact, as in table 202a. A slight increase in 
accuracy can sometimes be attained by retaining one additional place in the solution 
until the final answer. Suppose, for instance, that the corrections for triple interpolation 
are (+)0.2, (+)0.3, and (—)0.3. The total correction is (+)0.2. If the total correction, 
rounded to tenths, had been obtained from the sum of (+)0.17, (+)0.26, and (—)0.34, 
the correct total would have been (+)0.09=(+)0.1. The retaining of one additional 
place may be critical if the correction factors end in 0.5. Thus, in double interpolation, 
one correction value might be (+)0.15, and the other (—)0.25. The correct total is 
(—)0.1. But if the individual differences are rounded to (+)0.2 and (—)0.2, the total 


is 0.0. 
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The difference used for establishing the proportion is also a matter subject to 
some judgment. Thus, if the latitude is 17°14‘6, it might be rounded to 17°2 for 
many purposes. Slightly more accurate results can sometimes be obtained by retaining 
the minutes, using ae instead of 0.2. If the difference to be multiplied by this propor- 
tion is small, the increase in accuracy gained by using the more exact value is small, 
but if the difference is large, the gain might be considerable. Thus, if the difference is 


0°2, the correction by using either ae or 0.2 is less than 0°05, or 0°0 to the nearest 


60 
14.6 

60. 

If the tabulated entries involved in an interpolation are all positive or all negative, 
the interpolation can be carried out on either a numerical or an algebraic basis. Most 
navigators prefer the former, carrying out the interpolation as if all entries were posi- 
tive, and giving to the interpolated value the common sign of all entries. When both 
positive and negative entries are involved, all differences and corrections should be 
on an algebraic basis, and careful attention should be given to signs. Thus, if single 
interpolation is to be performed between values of (+)0.9 and (—)0.4, the difference 
is 0.9—(—0.4)=0.9+0.4=1.3. If the correction is 0.2 of this difference, it is (—)0.3 
if applied to (+)0.9, and (+)0.3 if applied to (—)0.4. In the first case, the inter- 
polated value is (+)0.9 —0.3=(+)0.6. In the second case, it is (—)0.4+0.3=(—)0.1. 
If the correction had been 0.4 of the difference, it would have been (—)0.5 in the first 
case, and (+)0.5 in the second. The interpolated value would have been (+)0.9—0.5= 
(+)0.4, or (—)0.4+0.5=(+)0.1, respectively. 

Because of the variety in methods of interpolation used, solutions by different 
persons may differ slightly. 


0°1. But if the difference is 3°2, the value by is 0°8, and the value by 0.2 is 0°6. 


CHAPTER III 
NAVIGATIONAL ERRORS 


301. Introduction.—As commonly practiced, navigation is not an exact science. 
A number of approximations which would be unacceptable in careful scientific work are 
used by the navigator, because greater accuracy may not be consistent with the re- 
quirements or time available, or because there is no alternative. 

Thus when the navigator uses his latitude graduations as a mile scale, or computes 
a great-circle course and distance, he neglects the flattening of the earth at the poles, 
a practice that is not acceptable to the geodetic surveyor. When the navigator plots 
a visual bearing, or an azimuth line for a celestial line of position, on a Mercator chart, 
he uses a rhumb line to represent a great circle. When he plots the celestial line of 
position, he substitutes a rhumb line for a small circle. When he interpolates in tables 
of logarithms or in Loran tables, he assumes a linear (constant-rate) change between 
tabulated values. When he measures distance by radar, or depth by sonic depth finder, 
he assumes that the radio- or sound-wave has constant speed under all conditions. 
When he applies dip and refraction corrections to his sextant altitude, he generally 
assumes standard atmespheric conditions. 

These are only a few of the approximations commonly applied by a navigator. 
There are so many that there is a natural tendency for some of them to cancel others. 
Thus, under favorable conditions, a position at sea, determined from celestial observa- 
tion by an experienced observer, should seldom be in error by more than two miles. 
However, if the various small errors in a particular observation all have the same sign 
(all plus or all minus), the error might be several times this amount, without any mis- 
take having been made by the navigator. 

Greater accuracy could be attained, but at a price. The navigator is a practical 
individual. In the course of ordinary navigation, he would rather spend ten minutes 
determining a position having a probable error of plus or minus two miles, than to 
spend several hours learning where he was to an accuracy of a few yards. But if he 
can determine a recent or present position to greater accuracy, the decrease in error is 
attractive to him. The various navigational aids have been designed with this in mind. 
Greater accuracy in plotting could be achieved by increasing the scale of the chart or 
plotting sheet. This has been done for confined waters where a higher degree of accuracy 
is needed, but a large-scale plotting sheet would be a nuisance at sea. The hand-held 
marine sextant is not sufficiently accurate for use in determining an astronomical 
position in a geodetic survey. But it is much more satisfactory at sea than the surveyor’s 
astrolabe or theodolite, which require stable platforms if their potential accuracy is to 
be realized. 

An understanding of the kinds of errors involved in navigation, and of the ele- 
mentary principles of probability, should be of assistance to a navigator in interpreting 
his results. 


302. Definitions. 
chapter: 
Error is the difference between a specific value and the correct or standard value. 
As here used, it does not include mistakes, but is related to lack of perfection. Thus, an 
429 


The following definitions apply to the discussions of this 
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altitude determined by marine sextant is corrected for a standard amount of refraction, 
but if the actual refraction at the time of observation varies from the standard, the 
value taken from the table is in error by the difference betweem standard and actual 
refraction. This error will be compounded with others in the observed altitude. Similarly, 
depth determined by echo sounder is in error, among other things, by the difference 
between the actual speed of sound waves in the water and the speed used for calibration 
of the instrument. The depth will also be in error if an echo is returned from a phantom 
bottom instead of from the actual bottom. This chapter is concerned primarily with 
the deviation from standards. Thus, while variation of the compass is an error when 
referred to true directions, the difference between the assumed variation and that 
actually existing is an error with reference to magnetic direction. Corrections can be 
applied for standard values of error. It is the deviation from standard, as well as mis- 
takes, that produce inaccurate results in navigation. Various kinds of error are dis- 
cussed in the following articles. 


Mistake is a blunder, such as an incorrect reading of an instrument, the taking 
of a wrong value from a table, or the plotting of a reciprocal bearing. 


Standard is something established by custom, agreement, or authority as a basis 
for comparison. It is customary to use nautical miles for measuring distances between 
ports. By international agreement the nautical mile is defined as exactly 1852 meters. 
By authority of various countries which are parties to the agreement, this length is 
translated to the linear units adopted by that country. It is the fact of establishment 
or general acceptance that determines whether a given quantity or condition has become 
a standard of measure or quality. Thus, in 1960, the standard unit of length agreed 
upon at the Eleventh General (International) Conference on Weights and Measures 
to redefine the meter was 1,650,763.73 wavelengths of the orange-red radiation in vac- 
uum of krypton 86 corresponding to the unperturbed transition between the 2p) and 
5d; levels. Where accepted, this established standard of length now serves as a basis 
for measurement of any physical magnitude, as the length of the meridian, rather than 
the reverse, which was originally proposed. Multiples and submultiples of a standard 
are exact. In 1959, the U.S. adopted the exact relationships of one yard as equal to 
0.9144 meter and one inch as equal to 2.54 centimeters. Hence, 39.37 U.S. inches are 
approximately equal to one meter. Because one foot equals 12 inches by definition, and 
the international nautical mile has been defined as 1852 meters, the international nauti- 
cal mile is equal to 6,076.11549 U.S. feet (approximately). The previous U.S. foot 
(6,076.10333 . . . feet equals one nautical mile) has been redesignated as the U.S. 
survey foot. 


Frequently, a standard is so chosen that it serves as a model which approximates a 
mean or average condition. However, the distinction between the standard value and 
the actual value at any time should not be forgotten. Thus, a standard atmosphere 
has been established in which the temperature, pressure, density, etc., are precisely 
specified for each altitude. Actual conditions, however, are generally different from 
those defined by the standard atmosphere. Similarly, the values for dip given in the 
almanacs are considered standard by those who use them, but actual dip may be 
appreciably different from that tabulated. 


Accuracy is the degree of conformance with the correct value, while precision 
is the degree of refinement of a value. Thus, an altitude determined by marine sextant 
might be stated to the nearest 0/1, and yet be accurate only to the nearest 1’ if the 
horizon is indistinct. Accuracy and precision are further discussed in article 103. 
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303. Systematic errors are those which follow some law by which they can be 
predicted. The accuracy with which a systematic error can be predicted depends 
upon the accuracy with which the governing law is understood. An error which can 
be predicted can be eliminated, or compensation can be made for it. 


The simplest form of systematic error is one of unchanging magnitude and sign. 
This is called a constant error. Examples are the index error of a marine sextant, watch 
error, or the error resulting from a lubber’s line not being accurately aligned with the 
longitudinal axis of the craft. In each of these cases, all readings are in error by a con- 
stant amount as long as the adjustment remains unchanged, and can be removed by 
applying a correction of equal magnitude and opposite sign. Index error and watch 
error can be removed by adjustment of the instrument. Lubber’s line error can be 
removed by aligning the lubber’s line with the longitudinal axis of the craft. 


Another type of systematic error results from a nonstandard rate. If a watch is 
gaining four seconds per day, its readings will be in error by one second after an interval 
of six hours, eight seconds at the end of two days, etc. This principle is used in estab- 
lishing a chronometer rate (art. 608) for determination of chronometer error between 
comparisons of the chronometer with time signals. It can be eliminated by adjusting 
the rate. If a current is running and no allowance for it is made in the dead reckoning, 
the DR position is in error by an amount proportional to elapsed time. The error 
introduced by maintaining heading by means of an inaccurate compass is proportional 
to distance, as is the lateral error in a position line plotted from an inaccurate bearing. 

One of the causes of equation of time (art. 611) is the fact that the ecliptic, around 
which annual motion occurs, is not parallel to the celestial equator, around or parallel 
to which apparent daily motion takes place. The same type systematic error is involved 
in other measurements. Consider the measurement of bearing with a tilted compass 
card. Bearing is measured by a system of uniform graduations (degrees) of a circle 
(such as a compass card) in the horizontal plane. If the card is tilted, and its graduations 
are projected onto the horizontal plane, the circle becomes an ellipse with the gradua- 
tions unequally spaced. Along the axis of tilt and a line perpendicular to it, directions 
are correct. But near the axis of tilt the graduations are too close together, and near 
the perpendicular they are too widely spaced. The error thus introduced is similar to 
that which would arise if a watch face were tilted but the motion of the hands remained 
horizontal. If it were tilted around the ‘‘3-9”’ line, it would appear to run slow near the 
hour and half hour, and fast near the quarter and three-quarter hours. If the direction 
to be observed is of an object above or below the horizontal, as the azimuth of a celestial 
body, measurement is made to the foot of the perpendicular through the object. The 
sight vanes of a compass move in a plane perpendicular to the compass card. Hence, if 
the card is tilted, measurement is made to the foot of a perpendicular to the card, 
rather than to the foot of a perpendicular to the horizontal, introducing an error which 
increases with the angle of tilt and also with the angle of elevation (or depression) of 
the object. This error is greatest along the axis of tilt, and zero along the perpendicular 
to it. Both of these tilt errors can be corrected by leveling the compass card. 

A different type of tilt error occurs when a reflection takes place from a tilted 
surface, such as the ionosphere, the error being proportional to the angle of tilt. In 
some respects, this error is similar to coastal refraction of a radio wave. 


Additional examples of systematic error are uncorrected deviation of the compass, 
error due to a position in a pattern of hyperbolas, error due to incorrect location of a 
Loran transmitter, uncorrected parallax, and uncorrected personal error. 
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304. Random errors are chance errors, unpredictable in magnitude or sign. They 
are governed by the laws of probability. If the altitude of a celestial body is observed, 
the reading may be (1) too great, (2) correct, or 


(3) too small. If a number of observations are 

Error No. of obs. Percent of obs. 7 , 
Le aera made, and there is no systematic error, the 
—10/ 0 0.0 probability of a positive error is exactly equal 
re 2) d ae to the probability of a negative error. This does 
Ep 4 0.8 not mean that every second observation having 
= a ie : an error will be too great. However, the greater 
eet 28 5.6 the number of observations, the greater is the 
is 2) ie Pe 4 probability that the number of positive errors 
aie 63 12.6 will equal the number of negative ones, and that 

Fe w ee be Z their magnitudes will correspond. 

4+ 9! 53 10.6 Suppose that 500 observations are made, 
e A oe = with the results shown in table 304. A closc 
Bligh 17 3. 4 approximation of the plot of these errors is shown 
eae, : ane in figure 304a. The plot has been modified 
1 8! 2 0.4 slightly to constitute the normal curve of ran- 
aa? Mae dom errors, which is the same as the actual 
curve except that the normal curve approaches 
0 500 100. 0 zero as the error increases, while the actual 


——__—_—_—________________| curve reaches zero at (+)10’ and (—)10’. The 
eeeLs BOS an Dalene aeD of height of the curve at any point represents the 

percentage of observations that can be expected 
to have the error indicated at that point. The probability of any similar observation 
having any given error is the proportion of the number of observations having this 
error to the total number of observations, or the percentage expressed as a decimal. 


Thus, the probability of an observation having an error of (—)3’ is ao pF 0.08 


(8%). 

If the area under the curve represents 100 percent of the observations, half the 
area (the shaded portion of figure 304a) represents 50 percent of the observations. 
The value of the error at the limits of this shaded portion is often called the ‘‘50 percent 
error,” or probable error, meaning that 50 percent of the observations can be expected 
to have less error, and 50 percent greater error. Similarly, the limits which contain 
the central 95 percent of the area denote the 95 percent error. The percentage of 
error is found mathematically. For a normal curve, each error is squared, the sum of 
the squares is divided by one less than the number of observations, and the square 
root of the quotient is determined. This value is called the standard deviation (c, the 
Greek letter sigma). In the illustration, the standard deviation is the square root of 
0X (—)10?+1X (—)9?+2 (—)8?+4X (—)77+9X (—)6?, etce., divided by 499 or 


4474 Wr ice ages 
y= 18.96 =2.99 (about 3). The standard deviation is the 68 percent error. The 


probability of the occurrence of an error of or less than a specific magnitude may be 
determined by the following relationship (with the answers for the illustration given) : 


50% error= %Xo= 2’ (approx.) 
68% error=1 Xo= 3’ (approx.) 
95% error=2 Xo= 6’ (approx.) 
99% error=2%Xo= 8’ (approx.) 
99.9% error=3%Xo=10’ (approx.) 
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Many of the errors of navigation are not of the ‘normal’ type. In Pub. No. 229 
values of altitude can be taken only to the nearest 0/1. The error in tabular altitude 
might have any value from (+) 0/05 to (—) 0/05, and any value within these limits is 
as likely to occur as any other of the same precision. The same is true of a sextant that 
cannot be read closer than 0/1, and of a Loran-A receiver that cannot be read closer than 
1 ws. These values refer to the single errors indicated, and not to the total error that 
might be involved. This is a rectangular error, so called because of the shape of its plot, 
as shown in figure 304b. The 100 percent error is half 
the difference between readings. The 50 percent error 
is half this amount, the 95 percent error is 0.95 times 
this amount, etc. 


Still another type random error is encountered in 
navigation. If a compass is fluctuating periodically 
due to yaw of a ship, its motion slows as the end of a 
swing is approached, when the error approaches 
maximum value. If readings were taken continuously 

= eer or at equal intervals of time, the interval being a small 
ERROR percentage of the total period of oscillation, the curve 
Meena ehia Cane inte aro! errors would have a characteristic U-shape, as 
random error with 50 percent Sbown in figure 304c. The same type error is involved 
of area shaded. Limits of jin measurement of altitude of a celestial body from a 
shaded area indicate probable ; ; : : 
error. wing of the bridge of a heavily rolling vessel, when 
the roll causes large changes in the height of eye. This 
type of error is called a periodic error. The effect is accentuated by the tendency of 
the observer to make readings near one of the extreme values because the instrument 
appears steadiest at this time. If it is impractical to make a reading at the center 
of the period, the error can be eliminated or reduced by averaging readings taken con- 
tinuously or at short intervals, as indicated above. This is the method used in averag- 
ing type artificial-horizon sextants. Generally, better 
results can be obtained by taking maximum posi- 
tive and maximum negative readings, and averaging 
the results. 

The curve of any type of random error is sym- 
metrical about the line representing zero error. This 
means that in the ideal plot every point on one side RiAvanw adits Rectanghianmerior: 
of the curve is exactly matched by one on the other with 50 percent area shaded. 
side, or for every positive error there is a negative 
error of the same magnitude. The average of all 
readings, considering signs, is zero. The larger the 
number of readings, the greater the probability of 
the errors fitting the ideal curve. Another way of 
stating this is that as the number of readings in- 
creases, the error of the average can be expected to 
decrease Birr 
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Probability 


Error 


Probability 


305. Combinations of errors.—Many of the sa, 24 “aqueit- Parodies orton, with 
results obtained in navigation are subject to more 50 percent area shaded. 
than one error. Chapter VIII lists 19 errors appli- 
cable to sextant altitudes. Some of these have several components. A number of possible 
errors are involved in the determination of computed altitude and azimuth. A rec- 
tangular error is possible in finding the altitude difference. Several additional errors may 
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affect the accuracy of plotting. Thus, the line of position as finally plotted may include 
30 errors or more. Corrections are applied for some of the larger ones, so that in each of 
these cases the applicable error is the difference between the applied correction and the 
actual error. Thus, a dip correction may be applied for a height: of eye of 30 feet, while 
the actual height at the moment of observation may be 31 feet 6 inches. Even if the 
height of eye is exactly 30 feet, a rectangular error may be involved in taking the dip 
correction from the table. 

Corrections which might be random as far as an individual observation is con- 
cerned may be systematic for a series of observations. Thus, if the average or standard 
conditions upon which a correction is based do not exist at the time of observation 
the value at any given time is as likely to be greater as it is to be less than the standard 
amount. But if a number of observations are taken in quick succession, the error will 
be about the same for each. 

If two or more errors are applicable to a given result, the total error is equal to 
the algebraic sum of all errors. Thus, if a given number is subject to errors of (+) 4, 
(—) 2, (—) 1, (4+) 3, (4+) 2, 0, and (—) 2, the total error is (+) 4. Systematic errors 
can be combined by adding the curves of individual errors. Thus, a magnetic compass 
may have a quadrantal error as shown 
by the top curve of figure 305, and a 
semicircular error as shown by the second 
curve. The sum of these two errors is 
shown in the bottom curve. If, in addi- 
tion, the compass has a constant error, QUADRANTAL ERROR 
the bottom curve is moved vertically up- 
ward or downward by the amount of the 
constant error, without undergoing a 
change of form. If the constant error is 
greater than the maximum value of the SEMICIRCULAR ERROR 
combined curves, all errors are positive 
or all are negative, but of varying mag- 
nitude. 

If a number of random errors are 
combined, the result tends to follow a 
normal curve regardless of the shape of 
the individual errors, and the greater the 
number, the more nearly the result can be FiguRE 305.—Combining systematic errors. 
expected to approach the normal curve 
(fig. 304a). If a given result is subject to errors of plus or minus 3, 2, 1, 2, 4, 2, 1, 8, 1, 
and 2, the total error could be as much as 26 if all errors had the same sign. However, 
if these are truly random, the probability of them all having the same sign is only one 
in 1024. This is so because the chance of any one being positive (or negative) is \. 
That is, of a large number of results, approximately half will have any one particular 
correction positive (or negative). By the same reasoning, approximately half of the 
positive (or negative) results will have any one particular additional correction positive 
(or negative). Thus, the probability of any two particular corrections having a positive 
(or negative) sign is *x<%=(%)?=%. The probability of all ten corrections having a 
positive (or negative) sign is (4)P= If there were 20 corrections, the probability of 


1 
; Ae : : 2) Se eta See 
all having a positive (or negative) sign would be (%) 1,048,576 


COMBINED QUADRANTAL ERROR AND SEMICIRCULAR ERROR 
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The standard deviation of the swm of such errors is found by squaring each error 
individually, adding the results and taking the square root of the sum. Thus, in the 
example, the following results are obtained: 


Error Error Squared 
3 9 
2 4 
1 1 
2 4 
4 16 
2 4 
1 1 
8 64 
1 il 
2 4, 

sum 108 


square root +10. 4 


Thus, the standard deviation is +10.4. Signs need not be considered because the 
square of either a positive or negative number is positive. 

The individual errors have been treated as if they were fixed in amount. If they 
are 50 percent normal errors, the result is the standard deviations of the 50 percent 
errors; if 99 percent, the result is the standard deviations of the 99 percent errors, etc., 
if the individual errors are normal and independent. If they are of a different type, 
an adjustment is needed. Thus, the square of each rectangular error should be multi- 
plied by the following factors: 

50% error % 

95% error 1% 

99% error 2% 
99.9% error 4. 


The information required to determine the standard deviation is usually not 
available to a navigator, because the probable magnitude of many of the individual 
errors has never been determined. However, the example given above reveals at least 
one interesting point which is highly practical. In the tabulation of errors, the largest 
has a value of eight. This single error accounts for less than one-third the total possible 
error, but its square is more than half the sum of squares. If this error could be elimi- 
nated, the standard deviation would be only 6.6. If it could be reduced to 5, a 37.5 
percent reduction, the standard deviation would be reduced to 8.3. In contrast, if the 
next largest error, four, were reduced by three, a reduction of 75 percent, the standard 
deviation would be reduced by only 0.8, to 9.6. If the three errors of one each could 
be completely eliminated, the standard deviation would be reduced by only 0.2, to 
10.2. In the reduction of total error, therefore, a relatively small reduction in a large 
error has a much greater effect upon the standard deviation than the same numerical 
reduction (larger percentage reduction) in a small error, because the result of a random 
error is proportional to its square. 

Therefore, the perfection of one part of a process, sometimes at great expense or 
by the introduction of considerable inconvenience, may not be justified until larger 
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errors are corrected. Thus, it would hardly be worth the effort and expense to build 
a Loran-A receiver capable of making a reading to 0.1 us (present receivers can be read 
to about 1 ws) as long as synchronization of signals may be in error as much as 2 us or 
more. Conversely, the introduction of an additional small error may add considerably 
to the convenience of a process without materially affecting the accuracy. Thus, the 
use of some of the ‘‘short’”’ methods of sight reduction without interpolation is justified 
if the interval of tabulation is small. 

When both systematic and random errors are present in a process, both effects 
are present. An increase in the number of readings decreases the residual random error, 
but regardless of the number of readings, a systematic error is present in its entirety. 
Thus, if a number of Decca readings are made at a fixed point, the average should be 
a good approximation of the true value if there is no systematic error. But if the 
equipment is out of adjustment to the extent that the lane is incorrectly identified, 
no number of readings will correct this error. In this illustration, a constant error is 
combined with a normal random error. The normal curve has the correct shape, but 
is offset from the zero value. 

Under some conditions, systematic errors can be eliminated from the results even 
when the magnitude is not determined. Thus, if two celestial bodies differ in azimuth 
by 180°, and the altitude of each is observed, the line midway between the lines of posi- 
tion resulting from these observations is free from any constant error in the altitude 
(such as abnormal refraction or dip, or incorrect IC). It would not be free from such a 
constant error as one in time (unless the bodies were on the celestial meridian). Simi- 
larly, a fix obtained by observations of three stars differing in azimuth by 120°, or 
four stars differing by 90° is free from constant error in the altitude, if the center of the 
figure made by the lines of position is used. The center of the figure formed by circles 
of position from distances of objects equally spaced in azimuth is free from a constant 
error in range. A constant error in bearing lines does not introduce an error in the 
fix if the objects are equally spaced in azimuth. In all of these examples, the correct 
position is outside the figure formed by the lines of position if all objects observed are 
on the same side of the observer (that is, if they lie within an arc of less than 180°). 

306. Most probable position——Some navigators, particularly those of little ex- 
perience, have been led by the simplified definitions and explanations usually given in 
texts to conclude that the line of position is infallible, and that a fix is without error, 
overlooking the frequent incompatibility of these two notions. Too often the idea has 
prevailed that information is either all right or all wrong. An example is the practice 
of establishing an estimated position at the foot of the perpendicular from a dead 
reckoning position to a line of position. The assumption is that the vessel must be 
somewhere on the line of position. The limitations of this often valuable practice are 
not understood by these inexperienced navigators. 

A more realistic concept is that of the most probable position (MPP), which recog- 
nizes the probability of error in all navigational information, and determines position 
by an evaluation of all available information, using the principles of errors. 

Suppose a vessel were to start from a completely accurate position and proceed 
on dead reckoning. If course and speed over the bottom were of equal accuracy, the 
uncertainty of dead reckoning positions would increase equally in all directions with 
either distance or elapsed time (for any one speed these would be directly proportional 
and therefore either could be used). Therefore, a circle of uncertainty would grow 
around the dead reckoning position as the vessel proceeded. If the navigator had full 
knowledge of the distribution and nature of the errors of course and speed, and the neces- 
sary knowledge of statistical analysis, he could compute the radius of the circle of un- 
certainty, using the 50 percent, 95 percent, or other value of individual errors. 
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In ordinary navigation, this is not practicable, but based upon his experience and 
judgment, the navigator might estimate at any time the probable error of his dead 
reckoning or estimated position. With practice, he might acquire considerable skill 
in making this estimate. He would take into account, too, the fact that the area of 
uncertainty might better be represented by an ellipse than a circle, the major axis 
being along the course line if the probable error of the speed were greater than that of 
the course, and the minor axis being along the course line if the probable error of the 
course were greater. He would recognize, too, that the size of the area of uncertainty 
would not grow in direct proportion to the distance or elapsed time, because disturbing 
factors such as wind and current could not be expected to remain of constant magnitude 
and direction. Also, he would know that the starting point of the dead reckoning would 
not be completely free from error. 

At some future time additional positional information would be obtained. This 
might be a line of position from a celestial observation or by Omega. This, too, would 
be accompanied by a probable error which might be computed if the necessary informa- 
tion and knowledge were available, but which in 
practice would be estimated. If the dead reckon- 
ing had started from a good position obtained by 
means of landmarks, the probable error of the initial 
position would be very small. At first the dead 
reckoning or estimated position would probably be 
more reliable than a line of position obtained by celes- 
tial observation or Omega. But at some distance the 
two would be equal, and beyond this the line of 


Figure 306a.—A most probable ae E 
position based upon a dead reckon- position might be more accurate. 


ing position and line of position However, the determination of most probable 


having equal probable errors. ae : : 
ae position does not depend upon determination of 


which information is most accurate. In figure 306a a dead reckoning position is shown 
surrounded by a circle of uncertainty. A line of position is also shown, with its area 
of uncertainty. The most probable position is within the overlapping area, and if the 
uncertainty of the dead reckoning position and that of the line of position are about 
equal, it might be taken at the center of the area. If the overall errors are considered 
normal, and they are probably approximately so, the effect of each error is proportional 
to its square. Thus, if the probable error of a dead reckoning position is three miles, 
and that of a line of position is two miles, the most probable position is nearer the 


os é ‘ 2? 4 ; wns 
line of position, being at a distance equal to 33-9 that from the dead reckoning position 


(or %3 of the perpendicular distance from 
the dead reckoning position to the line 
of position). 

If a fix is obtained from two lines of 
position, the area of uncertainty is a circle 
if the lines are perpendicular, have equal 
probable errors, and these errors can be 
considered normal. If one is considered 
more accurate than the other, the area is 
an ellipse, the two axes being proportional Ri 
to the standard deviations of the two Piguss 996b— lips of uncertainty ‘th tne 
LOP’s. As shown in figure 306b, it is also an oblique angle. 
an ellipse if the probable error of each 
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is equal and the lines cross at an oblique angle. If the errors are unequal, the major 
axis of the ellipse is more nearly in line with the line of position having the smaller 
probable error. If the angle between lines is very small, they are better considered a 
single line of position in the direction of the major axis of the ellipse. 

If a fix is obtained from three or more lines of position, and the error of each line 
is normal and equal to that of the others, the most probable position is the center of 
the figure. By ‘“‘center’’ is meant that point within the figure which is equidistant from 
the sides. If the lines are of unequal probable error, the distance of the most probable 
position from each line of position is proportional to the square of the probable error of 
that line times the sine of the angle formed by the other two lines. 

In the discussion of most probable position from lines of position, it has been assumed 
that no other positional information is available. Usually, this is an incorrect assump- 
tion, for there is nearly always a dead reckoning or estimated position. This can be 
considered in any of several ways. The square of its probable error can be used in the 
same manner as the square of the probable error of each line of position. A most probable 
position based upon the dead reckoning or estimated position and the most reliable line 
of position might be determined as explained above, and that line of position replaced 
with a new one parallel to it but passing through the most probable position just deter- 
mined. This adjusted line of position can then be assigned a smaller probable error and 
used with the other lines of position to determine the overall most probable position. 
A third way is to establish a probable error for the fix, and consider the most probable 
position as that point along the straight line joining the fix and the dead reckoning or 
estimated position, the relative distances being equal to the square of the probable 
error of each position. 

The value of the most probable position determined as suggested above depends 
upon the degree to which the various errors are in fact normal, and the accuracy with 
which the probable error of each is established. From a practical standpoint, the second 
factor is largely a matter of judgment based upon experience. It might seem that inter- 
pretation of results and establishment of most probable position is a matter of judgment 
anyway, and that the procedure outlined above is not needed. If a person will follow 
this procedure while gaining experience, and evaluate his results, the judgment he 
develops should be more reliable than if developed without benefit of a knowledge of 
the principles involved. The important point to remember is that the relative effects 
of normal random errors in any one direction are proportional to their squares. 


Systematic errors are treated differently. Generally, an attempt is made to discover 
the errors and eliminate them or compensate for them. In the case of a position deter- 
mined by three or more lines of position resulting from readings with constant error, 
the error might be eliminated by finding and applying that correction (including sign) 
which will bring all lines through a common point. 


307. Mistakes.—The recognition of a mistake, as contrasted with an error (art. 
302), is not always easy, since a mistake may have any magnitude, and may be either 
positive or negative. A large mistake should be readily apparent if the navigator is 
alert and has an understanding of the size of error to be reasonably expected. A small 
mistake is usually not detected unless the work is checked. 


If results by two methods are compared, as a dead reckoning position and a line 
of position, exact agreement is not to be expected. But if the discrepancy is unreasonably 
large, a mistake is logically suspected. The definition of ‘‘unreasonably large” is a 
matter of opinion. If the 99.9 percent areas of the two results just touch, it is possible 
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that no mistake has been made. However, the probability of either one having so great 
an error is remote if the errors are normal. The probability of both having 99.9 percent 
error of opposite sign at the same instant is very small indeed. Perhaps a reasonable 
standard is that unless the most accurate result lies within the 95 percent area of the 
least accurate result, the possibility of a mistake should be investigated. Thus, if the 
areas of uncertainty shown in figure 306a represent the 95 percent areas, it is probable 
that a mistake has been made. 

As in other matters pertaining to navigation, judgment is important. The use to be 
made of the results is certainly a consideration. In the middle of an ocean passage a 
mistake is usually not serious, and will undoubtedly be corrected before it jeopardizes 
the safety of the vessel. But if landfall is soon to be made, or if search and rescue opera- 
tions are to be based upon the position, almost any mistake is intolerable. 


308. Navigation accuracy is normally expressed in terms of the error between 
the point desired and the point achieved during the navigation process. In general, 
the error is statistical in character and can only be expressed in terms of a distance 
unlikely to be exceeded in some percentage of cases. 

If the errors follow a normal distribution (art. 304), the specified distance may 
be stated as the standard deviation or some multiple thereof. The distance as stated 
for the standard deviation is measured from the arithmetic mean of the positions which 
could be established from a large number of observations at a given place and time. 
Therefore, this distance does not indicate the separation between the fix position and the 
observer’s actual position, except by chance. If the error is stated as lo, 68 percent 
of the cases should result in position displacements from the arithmetic mean in any 
direction not exceeding the distance specified for 1c. If the error is stated as 2c, 95 
percent of the positions should not be displaced from the arithmetic mean in any 
direction by more than the distance specified for 2c. If the error is stated as the prob- 
able error, 50 percent of the positions should not be displaced from the arithmetic 
mean in any direction by more than the distance specified for 2/3c. 

Sometimes the term root mean square (RMS) is used with the same meaning as 
standard deviation. However, the standard deviation and root mean square of a set 
of measured errors are identical only for a normal distribution where zero error is the 
center of the distribution or where no constant error (bias) exists. 

In a navigation system, predictability is the measure of the accuracy with which 
the system can define the position in terms of geographical coordinates; repeatability 
is the measure of the accuracy with which the system permits the user to return to a 
position as defined only in terms of the coordinates peculiar to that system. Predictable 
accuracy, therefore, is the accuracy of positioning with respect to geographical coordi- 
nates; repeatable accuracy is the accuracy with which the user can retucn to a position 
whose coordinates have been measured previously with the same system. For example, 
the distance specified for the repeatable accuracy of a system such as Loran-A is the 
distance between two Loran-A positions established using the same stations and time- 
difference readings at different times. 

Relative accuracy is the accuracy with which a user can determine his position 
relative to that of the user of the same navigation system at the same time. Hence, a 
system with high relative accuracy provides good rendezvous capability for the users 
of the system. 


309. Miscellaneous.—The correct identification of the nature of an error is impor- 
tant if the error is to be handled intelligently. Thus, the statement is sometimes made 
that a radio bearing need not be corrected if the receiver is within 50 miles of the trans- 
mitter. The need for a correction arises from the fact that radio waves are assumed to 


440 NAVIGATIONAL ERRORS 


follow great circles, and if radio bearings are to be plotted on a Mercator chart, the 
equivalent rhumb.line is needed. The statement regarding 50 miles implies that the 
size of the correction is proportional to distance only. It overlooks the fact that latitude 
and direction of the bearing line are also important factors, and is therefore a dangerous 
statement unless its limitations are understood. 

The recognition of the type of error is also important. A systematic error has 
quite a different effect than a random error, and cannot be reduced by additional 
readings unless some method or procedure is instituted which will cause the errors to 
cancel each other. If a position is subject to a rectangular error only, its 100 percent 
error parallelogram has four times the area of the 50 percent error parallelogram. 
But if the error is normal, the 95 percent ellipse has approximately three times the 
axis and nine times the area of the 50 percent ellipse. It is not correct to suppose that 
a craft is as likely to be at one point within an ellipse of uncertainty as at any other 
point. If the error is normal, the probability might be represented by a three-dimensional 
figure formed by rotating the normal curve (fig. 304a) around its axis of symmetry, 
elongated along the major axis. 

The probable error is usually of greater interest than the “average” value. The 
average of a large number of normal errors approaches zero, but the probable error 
might be quite large. An average or mean value determined by a number of observa- 
tions is sometimes given with its probable error. Thus, a person might make a number 
of measurements of the speed of light and state his results as 299,792+2 kilometers 
per second. 

A person who understands the nature of errors avoids many pitfalls, Thus, the 
magnitude of the errors of individual lines of position is not a reliable indication of the 
size of the error of the fix obtained from them. The size of the triangle formed by 
three lines of position has often been used as a guide to the accuracy of the fix, although 
a large triangle might be the result of a large constant error if the objects observed are 
equally spaced in azimuth. On the other hand, two lines of position with small errors 
might produce a fix having a much larger error if the lines cross at a small angle. 

The size of a triangle of position might be deceptive for another reason. A con- 
stant error in time shifts all lines of position from celestial observation an approximately 
equal amount (in minutes of arc) toward the east or toward the west. If all objects 
observed for a fix are on the same side of the observer, a constant error in measurement 
shifts all objects and the fiz, so that if the constant error is larger than the random error, 
the actual position is outside the figure formed by the lines of position. 
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CHAPTER IV 
MEASUREMENT ON THE EARTH 


401. The earth is approximately an oblate spheroid (a sphere flattened at the 
poles). Approximations of its dimensions and the amount of flattening are given in 
appendix D. However, for many navigational purposes, the earth is assumed to be a 
sphere, without intolerable error. 

The axis of rotation or polar axis of the earth is the line connecting the north pole 
and the south pole. 

402. Circles of the earth.—A great circle is the line of intersection of a sphere and 
a plane through the center of the sphere. This is the largest circle that can be drawn 
on a sphere. The shortest line on the surface of a sphere between two points on that 
surface is part of a great circle. On the spheroidal earth the shortest line is called a 
geodesic. A great circle is a near enough approximation of a geodesic for most problems 
of navigation. 

A small circle is the line of intersection of a sphere and a plane which does not pass 
through the center of the sphere. 

A meridian is a great circle through the geographical poles of the earth. Hence, 
all meridians meet at the poles, and their planes intersect each other in a line, the 
polar axis (fig. 402a). The term meridian is usually applied to the upper branch only, 
that half from pole to pole which passes through a given point. The other half is called 
the lower branch. 

The prime meridian is that meridian used as the origin for measurement of longi- 
tude (fig. 402b). The prime meridian used almost universally is that through the 
original position of the British Royal Observatory at Greenwich, near London. 

The equator is the terrestrial great circle whose plane is perpendicular to the 
polar axis (fig. 402c). It is midway between the poles. 
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Fieurr 402b.—Circles and coordinates of the 
earth. All parallels except the equator are 
small circles; the equator and meridians are 
great circles. 


Fiaure 402a.—The planes of the meridians meet 
at the polar axis. 


A parallel or parallel of latitude is a circle on the surface of the earth, parallel to the 
plane of the equator (fig. 402d). It connects all points of equal latitude. The equator, a 
great circle, is a limiting 
case connecting points 
of 0° latitude. The poles, 
single points at latitude 
90°, are the other limit- 
ing case. All other paral- 
lels are small circles. 

403. Position on the 
earth.— A _ position on 
the surface of the earth 
(except at either of the 
poles) may be defined by 
two magnitudes called 
coordinates. Those cus- 
tomarily used are lati- 
tude and longitude. A 
position may also be ex- 
pressed in relation to 
known geographical po- 


Figure 402c.—The equator is a great circle midway between the ae 
poles. sitions. 


|| they are on opposite sides. 
| It may be designated north 


| latitude (Lm) between two 
| places on the same side of 


| of their latitudes. Mid 
|| latitude is labeled N or S 


/north or south of the equa- 
‘tor. The expression is 
occasionally used with ref- Ficure 402d.—A parallel of latitude is parallel to the equator. 
'erence to two places on 

opposite sides of the equator, when it is equal to half the difference between the two 
latitudes, and takes the name of the place farthest from the equator. However, this 
/ usage is misleading, as it lacks the significance usually associated with the expression. 
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Latitude (L, lat.) is angular distance from the equator, measured northward or 


};southward along a meridian from 0° at the equator to 90° at the poles (fig. 402b). It 
fjis designated north (N) or south (S) to indicate the direction of measurement. 


The difference of latitude (J, D. Lat.) between two places is the angular length of arc 


j/of any meridian between their parallels (fig. 402b). It is the numerical difference of the 
|| latitudes if the places are 
jion the same side of the 


equator, and the sum if 


(N) or south (S) when ap- 
propriate. 
The middie or mid 


the equator is half the sum 


to indicate whether it is 


When the places are on opposite sides of the equator, two mid latitudes are generally 
used, the average of each latitude and 0°. 

Longitude (A, long.) is the arc of a parallel or the angle at the pole between the 
prime meridian and the meridian of a point on the earth, measured eastward or westward 
from the prime meridian through 180° (fig. 402b). It is designated east (E) or west (W) 
to indicate the direction of measurement. 

The difference of longitude (DLo) between two places is the shorter arc of the 
parallel or the smaller angle at the pole between the meridians of the two places (fig. 
402b). If both places are on the same side (east or west) of Greenwich, DLo is the 
numerical difference of the longitudes of the two places; if on opposite sides, DLo is 
the numerical sum unless this exceeds 180°, when it is 360° minus the sum. The distance 
between two meridians at any parallel of latitude, expressed in distance units, usually 


_ nautical miles, is called departure (p, Dep.). It represents distance made good to the 


east or west as a craft proceeds from one point to another. Its numerical value between 
any two meridians decreases with increased latitude, while DLo is numerically the same 
at any latitude. Either DLo or p may be designated east (E) or west (W) when 
appropriate. 

404. Distance on the earth.—Distance (D, Dist.) is the spatial separation of two 
points, and is expressed as the length of a line joining them. On the surface of the 
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earth it is usually stated in miles. 
Navigators customarily use the 
nautical mile (mi., M) of 1852 
meters exactly. This is the value 
suggested by the International 
Hydrographic Bureau in 1929, 
and since adopted by most mari- 
time nations. It is often called 
the International Nautical Mile 
to distinguish it from slightly 
different values used by some 
countries. On July 1, 1959, the 
United States adopted the exact 
relationship of 1 yard=0.9144 
meter. The length of the Inter- 
national Nautical Mile is conse- 
quently equal to 6,076.11549 feet 
(approximately). 

For most navigational pur- 
poses the nautical mile is con- 
sidered the length of one minute 
of latitude, or of any great circle Figure 404.—A rhumb line or loxodrome. 
of the earth, regardless of loca- 
tion. On the Clarke spheroid of 1866, used for mapping North America, the length 
of one minute of latitude varies from about 6,046 feet at the equator to approximately 
6,108 feet at the poles. The length of one minute of a great circle of a sphere having 
an area equal to that of the earth, as represented by this spheroid, is 6,080.2 United 
States feet. This was the standard value of the nautical mile in the United States 
prior to adoption of the international value. A geographical mile is the length of one 
minute of the equator, or about 6,087 feet. 

The land or statute mile (mi., St M) of 5,280 feet is commonly used for navigation 
on rivers and lakes, notably the Great Lakes of North America. 

The nautical mile is about 38/33 or approximately 1.15 statute miles. A conversion 
table for nautical and statute miles is given in table 20. 

Distance, as customarily used by the navigator, refers to the length of the rhumb 
line connecting two places. This is a line making the same oblique angle with all me- 
ridians. Meridians and parallels (including the equator) which also maintain con- 
stant true directions, may be considered special cases of the rhumb line. Any other 
rhumb line spirals toward the pole, forming a loxodromic curve or loxodrome (fig. 404). 
Distance along the great circle connecting two points is customarily designated great- 
circle distance. 

405. Speed (S) is rate of motion, or distance per unit of time. 

A knot (kn.), the unit of speed commonly used in navigation, is a rate of one nautical 
mile per hour. The expression ‘‘knots per hour’ refers to acceleration, not speed. 

Sometimes the expression speed of advance (SOA) is used to indicate the speed 
intended to be made along the track (art. 406), and speed over ground (SOG) the 
speed along the actual track. Speed made good (SMG) is the speed along the course 
made good. 

406. Direction on the earth.—Direction is the position of one point relative to 
another, without reference to the distance between them. In navigation, direction is 
customarily expressed as the angular difference in degrees from a reference direction, 
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usually north or the ship’s head. Compass directions (east, south by west, etc.) or points 
(of 11° or M% of a circle) are seldom used by modern navigators for precise directions. 

Course (C, Cn) is the intended horizontal direction of travel, expressed as angular 
distance from north, usually from 000° at north, clockwise through 360°. Strictly, 
the term applies to direction through the water, not the direction intended to be made 
good over the ground. The course is often designated as true, magnetic, compass, or 
grid as the reference direction is true, magnetic, compass, or grid north, respectively. 
Course made good (CMG) is the single course from the point of departure to point 
of arrival at any given time. Sometimes the expression course of advance (COA) is 
used to indicate the direction intended to be made good over the ground, and course 
over ground (COG) the direction of the actual track. Course line is a line extending 
in the direction of a course. 

In making computations it is sometimes convenient to express a course as an 
angle from either north or south, through 90° or 180°. In this case it is designated 
course angle (C) and should be properly labeled to indicate the origin (prefix) and 
direction of measurement (suffix). Thus, C N35°HE=Cn 035° (000°+35°), C N155°W 
=Cn 205° (360°—155°), C S47°E=Cn 133° (180°—47°). But Cn 260° may be either 
C N100°W or C S80°W, depending upon the conditions of the problem. 

The symbol C is always used for course angle, and is usually used for course where 


| thereis little or no possibility of confusion. 


Track (TR) is the path actually followed by a vessel, or the path of intended 
travel. Sometimes the term intended track line is used to indicate the path of in- 


| tended travel (fig. 406a). The path actually followed is usually a somewhat irregular 
| line. The path of proposed travel consists of one or a series of course lines from the point 


of departure to the destination, along which it is intended the vessel will proceed. A 


great circle which a vessel intends to follow approximately is called a great-circle track. 


Heading (Hdg., SH) is the direction in which a vessel is pointed, expressed as 
angular distance from north, usually from 000° at north, clockwise through 360°. 


_ Heading should not be confused with course. Heading is a constantly changing value 


as a vessel oscillates or yaws back and forth across the course or as the direction of 
motion is temporarily changed, as in avoiding an obstacle. Course is a predetermined 
value and usually remains constant for a considerable time. 

Bearing (B, Brg.) is the direction of one terrestrial point from another, expressed 
as angular distance from a reference direction, usually from 000° at the reference 
direction, clockwise through 360°. When measured through 90° or 180° from either 
north or south, it is called bearing angle (B), which bears the same relationship to 
bearing as course angle does to course. Bearing and azimuth are sometimes used inter- 
changeably, but the latter is better reserved exclusively for reference to horizontal 
direction of a point on the celestial sphere from a point on the earth. 

A relative bearing is one relative to the heading, or to the vessel itself. It is usually 
measured from 000° at the heading, clockwise through 360°. However, it is some- 
times conveniently measured right or left from 0° at the ship’s head through 180°. 
This is particularly true when using table 7. Older methods, such as indicating the 
number of degrees or points from some part of the vessel (10° forward of the starboard 
beam, two points on the port quarter, etc.) are seldom used by modern navigators to 
indicate precise directions, except for bearings dead ahead or astern, or broad on the 
bow, beam, or quarter. 

To convert a relative bearing to a bearing from north (fig. 406b), express the rela- 
tive bearing in terms of the 0°-360° system and add the heading: 


True Bearing= Relative Bearing + Heading. 
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Ficure 406a.—Course line, track, intended track, course made good, and heading. 


Ficure 406b.—Relative bearing. 


Thus, if another vessel bears 127° relative from a ship whose heading is 150°, the bear- 
ing from north is 127°+150°=277°. If the total exceeds 360°, subtract this amount. 
To convert a bearing from north to a relative bearing, subtract the heading: 


Relative Bearing= True Bearing — Heading 


Thus, a lightship which bears 241° from north bears 241°—137°=104° relative from 
a ship whose heading is 137°. If the heading is larger than the true bearing, add 360° to 
the true bearing before subtracting. 


407. Grid direction.—Because of the rapid convergence of the meridians in polar 
regions, the true direction of an oblique line near the pole may vary considerably over 
a relatively few miles. The meridians are radial lines meeting at the poles, instead of 
being parallel, as they appear on the familiar Mercator chart. 

Near the pole the convenience of parallel meridians is attained by means of a 
polar grid. On the chart a number of lines are printed parallel to a selected reference 


MEASUREMENT ON THE EARTH 449 


meridian, usually that of Greenwich. On transverse Mercator charts the fictitious 
meridians may serve this purpose. Any straight line on the chart makes the same angle 
with all grid lines. On the transverse Mercator projection it is therefore a fictitious 
rhumb line. On any polar projection it is a close approximation to a great circle. If 
north along the reference meridian is selected as the reference direction, all parallel 
grid lines can be considered extending in the same direction. The constant direction 
relative to the grid lines is called grid direction. North along the Greenwich meridian 
is usually taken as grid north in both the northern and southern hemispheres. 

The value of grid directions is indicated in figure 407. In this figure A and B 
are 400 miles apart. The true bearing of B from A is 023°, yet at B this bearing line, 
if continued, extends in true direction 163°, a change of 140° in 400 miles. The grid 
direction at any point along the bearing line is 103°. 

When north along the Greenwich meridian is used as grid north, interconversion 
between grid and true directions is quite simple. Let G represent a grid direction and 
T the corresponding true direction. Then for the arctic, 


G=T+ AW. 


That is, in the western hemisphere, in the arctic, grid direction is found by adding 
the longitude to the true direction. From this it follows that 


T=G-,AW, 
and in the eastern hemisphere 

G=T— dE, 

T=G-+ dE. 


In the southern hemisphere the signs (+ or —) of the longitude are reversed in all 
formulas. 

If a magnetic compass is used to follow a grid direction, variation and convergency 
can be combined into a single correction called grid variation or grivation. It is cus- 
tomary to show lines of equal grivation (isogrivs) on polar charts rather than lines of 
equal variation. 

With one modification the grid system of direction can be used in any latitude. 
Meridians 1° apart make an angle of 1° with each other where they meet at the pole. 
The convergency is one, and the 360° of longitude cover all 360° around the pole. At 
the equator the meridians are parallel and the convergency is zero. Between these two 
limits the convergency has some value between zero and one. On a sphere it is equal to 
the sine of the latitude. For practical navigation this relationship can be used on the 
spheroidal earth. On a simple conic or Lambert conformal chart a constant convergency 
is used over the entire chart, and is known as the constant of the cone. On a simple 
conic projection it is equal to the sine of the standard parallel. On a Lambert conformal 
projection it is equal (approximately) to the sine of the latitude midway between the 
two standard parallels. When convergency is printed on the chart, it is generally ad- 
justed for ellipticity of the earth. If K is the constant of the cone, 


K=sin 3 (L,+L,) approx., 


where L, and I are the latitudes of the two standard parallels. On such a chart, grid 
navigation is conducted as explained above, except that in each of the formulas the 
longitude is multiplied by K: 


G=T+K dW, 
T=G—K dW, 
G=T—K DE, 


T=G+K DE. 
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Thus, a straight line on such a chart changes its true direction, not by 1° for each degree 
of longitude, but by K°. As in higher latitudes, convergency and variation can be 
combined. 


In using grid navigation one should keep clearly in mind the fact that the grid lines 
are parallel on the chart. Only on the transverse Mercator and polar gnomonic pro- 
jections do the grid lines have geographical significance. On these projections, the 
grid lines are great circles which meet at ‘poles’ on the equator, 90° from the meridian 
used as the fictitious equator. Since distortion varies on charts of different projections, 
and on charts of conic projections having different standard parallels, the grid direction 


Figur 407.—Polar grid navigation. 


between any two given points is not the same on all charts. For operations which are to be 
coordinated by means of grid directions, it 1s important that all charts showing the grid 
be ona single graticule. 
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Problems 


403. Gwen.—Point A: L 37°21'4N, dX 143°18/8W; Point B: L 43°04/1N, 2d 
11°47°3E; Point C: L 63°24'4S, \ 1382°06/9E; Point D: L 2°36'6S,  168°01/2W. 
Required —(1) The difference of latitude between A and B, between A and C, 
and between C and D. 
(2) The difference of longitude between A and B, A and (, and B and C. 
Answers.—(1) lap 5°42‘/7N, lac 100°45/8S, len 60°47/8N; (2) DLogs 155°06'1E, 
DLoac 84°34'3W, DLoge 120°19/6E. 

404a. The distance between points E and F is 258.4 nautical miles. 

Required.—The distance in statute miles between points # and F (1) by proportion, 
using the ratio given in article 404; (2) by conversion factor, using the value given in 
article 404; (3) by table 20. 

Answers.—(1) D 297.6 St M, (2) 297.2 St M, (3) D 297.4 St M. 

404b. The distance between points G and H is 83.3 statute miles. 

Required.The distance in nautical miles between points @ and H (1) by propor- 
tion, using the ratio given in article 404; (2) by conversion factor, using the value given 
in article 404; (3) by table 20. 

Answers.—(1) D 72.3 M, (2) D 72.4 M, (3) D 72.4 M. 

405a. A ship is steaming at 18.5 knots. 

Required.—The speed in statute miles per hour. 

Answer.—S 21.3 mph. 

405b. A motorboat is traveling at 30 statute miles per hour. 

Required.—The speed in knots. 

Answer.—S 26 kn. 

406a. Required.—Convert the following course angles to courses: (1) N 127°W, 
(2) S38°W, (3) N99°E, (4) S171°E. 

Answers.—(1) Cn 233°, (2) Cn 183°, (3) Cn 099°, (4) Cn 009°. 

406b. Required.—Convert the following courses to course angles, giving the two 
possible answers of each: (1) 153°, (2) 257°. 

Answers.—(1) C N153°E or $27°E, (2) C N103°W or S77° W. 

406c. A ship is on course 151°. The following relative bearings are observed: 

(1) 006°, (2) 109°, (3) 255°, (4) broad on the port bow. 

Required.—The bearings from north. 

Answers. —(1) 157°, (2) 260°, (3) 046°, (4) 106°. 

406d. A ship is on course 244°. The following bearings from north are observed: 

(1) 041°, (2) 188°, (3) 332°. 

Required.—The relative bearings. 

Answers.—(1) 157°, (2) 304°, (3) 088°. 

406e. The captain of a ship on course 055° wishes to change course when a certain 
lighthouse is broad on the starboard beam. 

Required. —The bearing from north when the course is to be changed. 

Answer.— 145°. 

407a. Convert the following true directions to grid directions using (1) a con- 
vergency of one, (2) a convergency of 0.866. (Give answers to nearest whole degree.) 


True Latitude Longitude 
150 N 27° W 
353- N 114° E 
118° N) 63° E 
042° S 147° W 
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Answers.—(1) 184°, 239°, 181°, 255°; (2) 180°, 254°, 173°, 275°. 
407b. Convert the following grid directions to true directions using (1) a con- 
vergency of 0.629, (2) a convergency of one. 


Grid Latitude Longitude 
003° N 174° W 
148° S 9° W 
317° N 64° E 
256° S 155° E 


Answers —(1) 254°, 154°, 357°, 159°; (2) 189°, 157°, 021°, 101°. 


CHAPTER V 
MEASUREMENT ON THE CELESTIAL SPHERE 


501. The celestial sphere.—A glimpse of the sky on a clear night is sufficient to 
enable an observer to imagine that all of the heavenly bodies are located on the inner 
surface of a sphere (fig. 
501a) of infinite radius with 
the earth at its center. This 
imaginary dome is called 
the celestial sphere (fig. 
501b) whose north and 
south celestial poles are 
located by the extension of 
the earth’s axis and whose 
celestial equator (some- 
times called equinoctial) is 
formed by projecting the 
plane of the earth’s equator 
to the celestial sphere. A 
celestial meridian is formed 
by the intersection of the 
plane of a terrestrial merid- 
ian, extended, and the celes- 
tial sphere. It is the arc of 
a great circle through the 
poles of the celestial sphere. 


The point on the celestial 

Figure 501a.—The celestial sphere. sphere vertically overhead 

of an observer is the zenith 

and the point on the opposite side of the sphere, vertically below him, is the nadir. 

The zenith and nadir are the extremities of a diameter of the celestial sphere through 

the observer and the common center of the earth and the celestial sphere. The arc of a 

celestial meridian between the poles is called the upper branch if it contains the zenith 

and the lower branch if it contains the nadir. The upper branch is frequently used in 

navigation and references to a celestial meridian are understood to mean only its upper 

branch unless otherwise stated. Celestial meridians take the names, as 65° west, of 
their terrestrial counterparts. 


An hour circle is a great circle through the celestial poles and a point or body on the 
celestial sphere. It is similar to a celestial meridian, but moves with the celestial sphere 
as it rotates about the earth, while a celestial meridian remains fixed with respect to the 
earth. 


453 
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Figure 501b.—Elements of the celestial sphere. 


The location of a body along its hour circle is defined by the body’s angular dis- 
tance from the celestial equator. This distance, called declination, is measured north 
or south of the celestial equator in degrees, from 0° through 90°, similar to latitude 
on the earth. 

A circle parallel to the celestial equator is called a parallel of declination, since it 
connects all points of equal declination. It is similar to a parallel of latitude on the 
earth. The path of a celestial body during its daily apparent revolution around the 
earth is called its diurnal circle. It is not actually a circle if a body changes its declina- 
tion. Since the declination of all navigational bodies is continually changing, the bodies 
are describing flat spherical spirals as they circle the earth. However, since the change 
is relatively slow, a diurnal circle and a parallel of declination are usually considered 
identical. 

A point on the celestial sphere may be identified at the intersection of its parallel 
of declination and its hour circle. The parallel of declination is identified by the 
declination. 

Two basic methods of locating the hour circle are in use. Its angular distance 
west of a reference hour circle through a point on the celestial sphere called the vernal 
equinox or first point of Aries is called sidereal hour angle (SHA) (fig. 501c). This 
angle measured eastward from the vernal equinox is called right ascension, and is 
usually expressed in time units. 
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Figure 501c.—A point on the celestial sphere can be located by its declination and sidereal hour angle. 


The second method of locating the hour circle is to indicate its angular distance 
west of a celestial meridian (fig. 501d). If the Greenwich celestial meridian is used 
as the reference, the angular distance is called Greenwich hour angle (GHA), and 
if the meridian of the observer, it is called local hour angle (LHA). It is sometimes 
more convenient to measure LHA either eastward or westward, as longitude is measured 
on the earth, in which case it is called meridian angle (t). These coordinates are dis- 
cussed further in article 504. 

A point on the celestial sphere may also be located by means of altitude and 
azimuth, coordinates based upon the horizon as the primary great circle, instead of the 
celestial equator. This system is discussed in article 506. 

Two additional systems used by astronomers are based upon the ecliptic (art. 
502) and the galactic equator (the approximate mid great circle of the galaxy). The 
coordinates of the ecliptic system are celestial latitude and celestial longitude and those 
of the galactic system are galactic latitude and galactic longitude. 

502. Apparent motion of celestial bodies——To a terrestrial observer the earth 
seems to be stationary and the various celestial bodies appear to be in continual motion. 
It is this apparent motion, or motion relative to the earth, that concerns the navigator 
primarily. 

The daily motion of the various bodies due to the rotation of the earth is the 
most conspicuous movement. Even a casual observer, however, soon notes that the 
various celestial bodies do not maintain the same positions relative to each other. 
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Figures 501d.—A point on the celestial sphere can be located by its declination and hour angle. 


That is, while the celestial sphere appears to rotate about its axis, making one revolution 
about the apparently stationary earth each day, the various celestial bodies are changing 
their positions on the sphere. 

If the rotation of the earth on its axis could be stopped, so that the daily apparent 
rotation of the celestial sphere would cease, the motions of the various bodies relative 
to each other would be more apparent. The stars would appear almost stationary. 
This is why they are sometimes called ‘“‘fixed stars.’’ They form a nearly stationary 
background which serves as a convenient reference for other motions. 

The sun would appear to move eastward about 1° per day, completing its trip 
around the celestial sphere in 1 year. The motion is not along the celestial equator, 
but along another great circle, called the ecliptic, which is inclined to the celestial 
equator at an angle of about 23°27’ (fig. 502a). This great circle lies in the plane of the 
earth’s orbit around the sun, since it is this actual motion that causes the apparent 
motion of the sun. 

The moon would appear to make one trip around the celestial sphere each month, 
following closely the path of the sun. The planets would appear to move erratically, 
but keeping close to the ecliptic. 

The two points at which the ecliptic crosses the celestial equator are called equi- 
noxes (meaning “‘equal nights’’), since days and nights are of equal length when the sun 
is at these points. The sun is at one of these points (Y) about March 21. This is called 
the vernal (spring) equinox, first point of Aries, or March equinox. 
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Ficure 502a.—Elements of the ecliptic, along which the sun appears to move during 1 year. 


Since the sun is on the celestial equator at this time, its declination is 0°. As it 
continues eastward, it arrives about June 21 at one of the points of maximum separation 
of the ecliptic and celestial equator. This is called the summer solstice, sometimes 
called June solstice. At this time the declination of the sun reaches its maximum value 
of about 23°27’ N, and since the ecliptic and celestial equator are parallel at this point, 
the change in declination of the sun is momentarily zero, increasing slowly on each side 
of this point. Hence, the name solstice, meaning ‘‘sun standing still.” 

Continuing on, the sun arrives at the autumnal or September equinox about 
September 23, when the declination is again 0° and the days and nights are again of 
equal length. In another 3 months it arrives at the winter or December solstice about 
December 22, when the declination is again maximum, but on the opposite side of the 
celestial equator. By March 21 it has arrived back at the vernal equinox, completing 
the cycle. 

The terms equinox and solstice refer both to the points indicated and the times at 
which the sun is at these points. 

503. Coordinate systems.—Various systems of coordinates on the celestial sphere, 
all of them similar to the familiar latitude and longitude on the earth, were discussed 
briefly in article 501. Of these, the navigator is rarely concerned with any but the 
celestial equator system and the horizon system. The former is but an extension to the 
celestial sphere of the geographical system of the earth. The latter is a similar system 
in which the horizon replaces the celestial equator as the primary great circle, and the 
zenith and nadir are the poles. These two systems are the almost constant companions 
of the celestial navigator. 
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Figure 504a.—The celestial equator system of coordinates, showing measurement of declination, 
polar distance, and local hour angle. 


504. The celestial equator system of coordinates.—If the familiar graticule of 
latitude and longitude lines is expanded until it reaches the celestial sphere of infinite 
radius, it forms the basis of the celestial equator system of coordinates, as explained in 
article 501. On the celestial sphere the familiar latitude becomes declination (d), and 
longitude, measured always toward the west, through 360°, becomes sidereal hour 
angle (SHA) if measured from the vernal equinox. 

Declination (d) is angular distance north or south of the celestial equator (d in 
fig. 504a). It is measured along an hour circle, from 0° at the celestial equator through 
90° at the celestial poles, and is labeled N or S to indicate the direction of measurement. 
All points having the same declination lie along a parallel of declination. 

Polar distance (p) is angular distance from a celestial pole, or the arc of an hour circle 
between the celestial pole and a point on the celestial sphere. It is measured along an 
hour circle and may vary from 0° to 180°, since either pole may be used as the origin of 
measurement. It is usually considered the complement of declination, though it may 
be either 90°—d or 90°+d, depending upon the pole used. 
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Local hour angle (LHA) is angular distance west of the local celestial meridian, or 
the arc of the celestial equator between the upper branch of the local celestial meridian 
and the hour circle through a point on the celestial sphere, measured westward from the 
local celestial meridian, through 360°. It is also the similar arc of the parallel of declina- 
tion and the angle at the celestial pole, similarly measured. If the Greenwich (0°) 
meridian is used as the reference, instead of the local meridian, the expression Green- 
wich hour angle (GHA) is applied. It is sometimes convenient to measure the arc or 
angle in either an easterly or westerly direction from the local meridian, through 180°, 
when it is called meridian angle (t) and labeled E or W to indicate the direction of 
measurement. All bodies or other points having the same hour angle lie along the same 
hour circle. 

The time diagram shown in figure 504b illustrates the relationship between the 
various hour angles and meridian angle. 
The circle is the celestial equator as 
seen from above the south pole, with the 
upper branch of the observer’s meridian 
(P,M) at the top. The radius P,@ is 
the Greenwich meridian, P,Y the hour 
circle of the vernal equinox, and P,S 
and P,S’ the hour circles of celestial 
bodies to the west and east, respectively, 
of the observer’s celestial meridian. 
Note that when LHA is less than 180°, 
t is numerically the same and is labeled 
W, but that when LHA is greater than 
180°, t=360°—LHA and is labeled E. 
In figure 504b arc GM is the longitude, 
which in this case is west. The relation- 
ships shown apply equally to other 
arrangements of radii, except for rela- 
tive magnitudes of the quantities 


Fieure 504b.—Time diagram. Local hour angle, . 
Greenwich hour angle, and sidereal hour angle are involved. 
measured westward through 360°. Meridian angle 505. The horizons.—The second 


bad labeled Bic Wee icles the direstion of set of celestial coordinates with which 

measurement. the navigator is directly concerned is 
based upon the horizon as the primary great circle. However, since several different 
horizons are defined, these should be thoroughly understood before proceeding with a 
consideration of the horizon system of coordinates. 

The line where earth and sky appear to meet is called the visible or apparent 
horizon. On land this is usually an irregular line unless the terrain is level. At sea the 
visible horizon appears very regular and often very sharp. However, its position rela- 
tive to the celestial sphere depends primarily upon (1) the refractive index of the air, 
and (2) the height of the observer’s eye above the surface. 
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Figure 505 shows a cross section of the earth and celestial sphere through the 
position of an observer at A above the surface of the earth. A straight line through A 
and the center of the earth O is the 
é vertical of the observer, and contains 
his zenith (Z) and nadir (Na). A plane 
perpendicular to the true vertical is a 
horizontal plane, and its intersection 
with the celestial sphere is a horizon. 
Horizon. It is the celestial horizon if the plane 
passes through the center of the earth, 
the geoidal horizon if it is tangent to 
Celestial the earth, and the sensible horizon if it 
passes through the eye of the observer 
at A. Since the radius of the earth is 
considered negligible with respect to 
that of the celestial sphere, these hori- 
zons become superimposed, and most 
measurements are referred only to the 
celestial horizon. This is sometimes 
called the rational horizon from the 
ae latin word “ratio,” reckoning. 

If the eye of the observer is at the 
surface of the earth, his visible horizon 
coincides with the plane of the geoidal horizon; but when elevated above the surface, 
as at A, his eye becomes the vertex of a cone which, neglecting refraction, is tangent to 
the earth at the small circle BB, and which intersects the celestial sphere in B’B’, the 
geometrical horizon. This expression is sometimes—but less appropriately—applied to 
the celestial horizon. 

Because of refraction (arts. 805 and 806), the visible horizon C’C’ appears above 
but is actually slightly below the geometrical horizon as shown in figure 505. 

For any elevation above the surface, the celestial horizon is usually above the 
geometrical and visible horizons, the difference increasing as elevation increases. It is 
thus possible to observe a body which is above the visible horizon but below the celestial 
horizon. That is, the body’s altitude is negative and its zenith distance is greater than 
90° (art. 506). 

506. The horizon system of coordinates is based upon the celestial horizon as 
the primary great circle, and a series of secondary vertical circles, which are great 
circles through the zenith and nadir of the observer and hence perpendicular to his 
horizon. Thus, the celestial horizon is similar to the equator, and the vertical circles 
are similar to meridians, but with one important difference. The celestial horizon and 
vertical circles are dependent upon the position of the observer and hence move with 
him as he changes position, while the primary and secondary great circles of both the 
geographical and celestial equator systems are independent of the observer. The 
horizon and celestial equator systems coincide for an observer at the geographical pole 
of the earth, and are mutually perpendicular for an observer on the equator. At all 
other places the two are oblique. 

The vertical circle through the north and south points of the horizon passes through 
the poles of the celestial equator system of coordinates. One of these poles (having the 
same name as the latitude) is above the horizon and is called the elevated pole. The 
other, called the depressed pole, is below the horizon. Since this vertical circle is a 
great circle through the celestial poles, and includes the zenith of the observer, it is 


Geoidal Horizon 


Figure 505.—The horizons used in navigation. 
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Figure 506.—The horizon system of coordinates, showing measurement of altitude, zenith distance, 
azimuth, and azimuth angle. 


also a celestial meridan. In the horizon system it is called the principal vertical circle. 
The vertical circle through the east and west points of the horizon, and hence perpen- 
dicular to the principal vertical circle, is called the prime vertical circle, or simply the 
prime vertical. 

As shown in figure 506, altitude is angular distance above the horizon. It is meas- 
ured along a vertical circle, from 0° at the horizon through 90° at the zenith. Altitude 
measured from the visible horizon may exceed 90° because of the dip of the horizon, 
as shown in figure 505. Angular distance below the horizon, called negative altitude, 
is provided for by including certain negative altitudes in some tables for use in celestial 
navigation, such as Pub. No. 249. All points having the same altitude lie along a parallel 
of altitude or almucantar. 

Zenith distance (z) is angular distance from the zenith, or the arc of a vertical circle 
between the zenith and a point on the celestial sphere. It is measured along a vertical 
circle from 0° through 180°. It is usually considered the complement of altitude. For 
a body above the celestial horizon it is equal to 90°—h and for a body below the celestial 
horizon it is equal to 90°—(—h) or 90°+h; or 90°+a negative altitude. 

The horizontal direction of a point on the celestial sphere, or the bearing of the geo- 
graphical position is called azimuth or azimuth angle depending upon the method of 
measurement. In both methods it is an arc of the horizon (or parallel of altitude) or 
an angle at the zenith. It is azimuth (Zn) if measured clockwise through 360°, starting 
at the north point on the horizon; and azimuth angle (Z) if measured either clockwise or 
counterclockwise through 180°, starting at the north point of the horizon in north 
latitude and the south point of the horizon in south latitude. 
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507. Diagram on the plane of the celestial meridian.—From a point outside the 
celestial sphere (if this were possible) and over the celestial equator, at such a distance 
that the view would be orthographic, the great circle appearing as the outer limit would 
be a celestial meridian. Other celestial meridians would appear as ellipses. The celestial 
equator would appear as a diameter 90° from the poles, and parallels of declination 
as straight lines parallel to the equator. 

A number of useful relationships can be demonstrated by drawing a diagram on 
the plane of the celestial meridian showing this orthographic view. Arcs of circles can 
be substituted for the ellipses without destroying the basic relationships. Refer to 
figure 507a. In the lower diagram the circle represents the celestial meridian, QQ’ the 
celestial equator, Pn and Ps the north and south celestial poles, respectively. If a star 
has a declination of 30° N, an angle of 30° can be measured from the celestial equator, as 
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pe UA 
Figure 507a.—Measurement of celestial equa- Figure 507b.—Measurement of horizon system 
tor system of coordinates. of coordinates. 


shown. It could be measured either to the right or left, and would have been toward 
the south pole if the declination had been south. The parallel of declination is a line 
through this point and parallel to the celestial equator. The star is somewhere on this 
line (actually a circle viewed on edge). 
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To locate the hour circle, draw the upper diagram so that Pn is directly above 
Pn of the lower figure (in line with the polar axis Pn Ps), and the circle is of the same 
diameter as that of the lower figure. This is the plan view, looking down on the celestial 
sphere from the top. The circle is the celestial equator. Since the view is from above 
the north celestial pole, west is clockwise. The diameter QQ’ is the celestial meridian 
shown as a circle in the lower diagram. If the right half is considered the upper branch, 
local hour angle is measured clockwise from this line to the hour circle, as shown. In 
this case the LHA is 80°. The intersection of the hour circle and celestial equator, 
point A, can be projected down to the lower diagram (point A’) by astraight line parallel 
to the polar axis. The elliptical hour circle can be represented approximately by an 
arc of a circle through A’, Pn, Ps. The center of this circle is somewhere along the 
celestial equator line QQ’, extended if necessary. It is usually found by trial and error. 
The intersection of the hour circle and parallel of declination locates the star. 

Since the upper diagram serves only to locate point A’ in the lower diagram, the 
two can be combined. That is, the LHA arc can be drawn in the lower diagram, as 
shown, and point A projected wpward to A’. In practice, the upper diagram is not 
drawn, being shown here for illustrative purposes only. 

In this example the star is on that half of the sphere toward the observer, or the 
western part. If LHA had been greater than 180°, the body would have been on the 
eastern or “‘back”’ side. 

From the east or west point over the celestial horizon, the orthographic view of the 
horizon system of coordinates would be similar to that of the celestial equator system 
from a point over the celestial equator (fig. 507a), since the celestial meridian is also 
the principal vertical circle. The horizon would appear as a diameter, parallels of altitude 
as straight lines parallel to the horizon, the zenith and nadir as poles 90° from the 
horizon, and vertical circles as ellipses through the zenith and nadir, except for the 
principal vertical circle, which would appear as a circle, and the prime vertical, which 
would appear as a diameter perpendicular to the horizon. 

A celestial body can be located by altitude and azimuth in a manner similar to 
that used with the celestial equator system. If the altitude is 25°, this angle is measured 
from the horizon toward the zenith and the parallel of altitude is drawn as a straight 
line parallel to the horizon, as shown at hh’ in the lower diagram of figure 507b. The 
plan view from above the zenith is shown in the upper diagram. If north is taken at the 
left, as shown, azimuths are measured clockwise from this point. In the figure the 
azimuth is 290° and the azimuth angle is N 70° W. The vertical circle is located by 
measuring either arc. Point A thus located can be projected vertically downward to 
A’ on the horizon of the lower diagram, and the vertical circle represented approximately 
by the arc of a circle through A’ and the zenith and nadir. The center of this circle 
is on NS, extended if necessary. The body is at the intersection of the parallel of altitude 
and the vertical circle. Since the upper diagram serves only to locate A’ on the lower 
diagram, the two can be combined, point A located on the lower diagram and projected 
upward to A’, as shown. Since the body of the example has an azimuth greater than 180°, 
it is on the western or “front” side of the diagram. 

Since the celestial meridian appears the same in both the celestial equator and 
horizon systems, the two diagrams can be combined and, if properly oriented, a body 
can be located by one set of coordinates, and the coordinates of the other system can be 
determined by measurement. 

Refer to figure 507c. By convention, the zenith is shown at the top and the north 
point of the horizon at the left. The west point on the horizon is at the center, and the 
east point directly behind it. In the figure the latitude is 37° N. Therefore, the zenith is 
37° north of the celestial equator. Since the zenith is established at the top of the dia- 
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gram, the equator can be found by measuring an arc of 37° toward the south, along the 
celestial meridian. If the declination is 30° N andthe LHA is 80°, the body can be located 
as described above. 

The altitude and azimuth can be determined by the reverse process to that de- 
scribed above. Draw a line hh’ through the body and parallel to the horizon, NS. 
The altitude, 25°, is found by measurement, as shown. Draw the arc of a circle through 
the body and the zenith and nadir. From A’, the intersection of this arc with the 
horizon, draw a vertical line intersecting the circle at A. The azimuth, N 70° W, is 
found by measurement, as shown. The prefix N is applied to agree with the latitude. 
The body is left (north) of ZNa, the prime vertical circle. The suffix W applies because 
the LHA, 80°, shows that the body is west of the meridian. 

If altitude and azimuth are given, the body is located as described above. The 
parallel of declination is then drawn parallel to QQ’, the celestial equator, and the 
declination determined by measurement. Point L’ is located by drawing the arc of a 
circle through Pn, the star, and Ps. From L’ a line is drawn perpendicular to QQ’, 
locating LZ. The meridian angle is then found by measurement. The declination is 
known to be north because the 
body is between the celestial 
equator and the north celestial 
pole. The meridian angle is 
west to agree with the azi- 
muth angle, and hence LHA 
is numerically the same. 

Since QQ’ and PnPs are 
perpendicular, and ZNa and 
NS are also perpendicular, arc 
NPn is equal to are ZQ. That 
is, the altitude of the elevated 
pole 1s equal to the declination 
of the zenith, which is equal to 
the latitude. This relationship 
is the basis of the method of 
determining latitude by an ob- 
servation of Polaris. 

The diagram on the plane 
of the celestial meridian is use- 
ful in approximating a number 
Ficure 507c.—Diagram on the plane of the celestial meridian. of relationships. 

508. The navigational triangle.—A triangle formed by arcs of great circles of a 
sphere is called a spherical triangle. A spherical triangle on the celestial sphere is called 
a celestial triangle. The spherical triangle of particular significance to navigators is 
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called the navigational triangle. It is formed by arcs of a celestial meridian, an hour 
circle, and a vertical circle. Its vertices are the elevated pole, the zenith, and a point 
on the celestial sphere (usually a celestial body). The terrestrial counterpart is also called 
a navigational triangle, being formed by arcs of two meridians and the great circle 
connecting two places on the earth, one on each meridian. The vertices are the two 
places and a pole. In great-circle sailing these places are the point of departure and the 
destination. In celestial navigation they are the assumed position (AP) of the observer 
and the geographical position (GP) of the body (the place having the body in its zenith). 
The GP of the sun is sometimes called the subsolar point, that of the moon the sublunar 
point, that of a satellite (either natural or artificial) the subsatellite point, and that of a 
star its substellar or subastral point. When used to solve a celestial observation, either 
the celestial or terrestrial triangle may be called the astronomical triangle. 

The navigational triangle is shown in figure 508a on a diagram on the plane of 
the celestial meridian, labeled as in article 507, but with the hour circle and vertical 
circle properly shown as ellipses. 
The earth is at the center, 0. 
The star is at M, dd’ is its par- 
allel of declination, and Ah’ its 
altitude circle. 

In the figure, arc QZ of the 
celestial meridian is the latitude 
of the observer, and PnZ, one 
side of the triangle, is the co- 
latitude. Arc AM of the ver- 
tical circle is the altitude of the 
body, and side ZM of the tri- 
angle is the zenith distance, or 
coaltitude. Arc LM of the hour 
circle is the declination of the 
body, and side PnM of the tri- 
angle is the polar distance, or 
codeclination. 

The angle at the elevated 
pole, ZPnM, having the hour 
circle and the celestial meridian 
as sides, is the meridian angle, t. 
The angle at the zenith, PnZM, having the vertical circle and that arc of the celestial 
meridian which includes the elevated pole as sides, is the azimuth angle. The angle 
at the celestial body, ZMPn, having the hour circle and the vertical circle as sides, is 
the parallactic angle (sometimes called position angle). It is rarely used in celestial 
navigation. 


Figure 508a.—The navigational triangle. 
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Ficure 508b.—The navigational triangle in perspective. 


CHAPTER VI 
TIME MEASUREMENTS AND CONVERSIONS 


601. Introduction.—Time serves to regulate affairs aboard ship, as it does ashore. 
But to the navigator, it has additional significance. It is not enough to know where 
the ship is, was, or might be located in the future. The navigator wants to know when 
the various positions were or can reasonably be expected to be occupied. Time serves 
as a measure of progress. By considering the time at which a ship occupied various 
positions in the past, and by comparing the speed and various conditions it has en- 
countered with those anticipated for the future, the skillful navigator can predict with 
reasonable accuracy the time of arrival at various future positions. Time can serve as 
a measure of safety, for it indicates when a light or other aid to navigation might be 
sighted, and if it is not seen by a certain time, the navigator knows he has cause for 
concern. 

To the celestial navigator, time is of added significance, for it serves as a measure 
of the phase of the earth’s rotation. That is, it indicates the position of the celestial 
bodies relative to meridians on the earth. Until an accurate measure of time became 
available at sea, longitude could not be found. 

Very small intervals of time are used in certain electronic navigational aids, such 
as radar and Loran. 

Whatever the type of navigation, a thorough mastery of the subject of time is 
important to the navigator. The use of a time diagram (art. 504) may help in under- 
standing the principles or solution of the problems of this chapter. 

602. Kinds of time.—As a measure of part of a day, time can be stated in a number 
of different ways. At any given moment, the time depends upon (1) the point on the 
celestial sphere used as reference, (2) the reference meridian on the earth, and (8) the 
somewhat arbitrary starting point of the day. 

When the sun is used as the celestial reference point, solar time results. If the 
actual sun observable in the sky is used, apparent solar time is involved, and if a fictitious 
mean sun is used to provide a time having an almost constant rate, mean solar time 
results. Time reckoned by use of the first point of Aries (1) as the celestial reference 
point is called sidereal time. Use of the moon as the celestial reference point provides 
a variable-length lunar day, the basis of lunar time, which is useful in tide prediction 
and analysis. Because of its application, a lunar day is sometimes called a tidal day. 
It averages about 24°50" (mean solar units) in length. 

If the meridian of the observer is used as the terrestrial reference, local time is 
involved. If a zone or standard meridian is used as the time meridian for mean solar 
time over an area, zone or standard time results. Use of a meridian farther east than 
would normally be used, so that the period of daylight is shifted later in the day, 
produces a form of zone time called daylight saving or summer time. Time based 
upon the Greenwich meridian is called Greenwich time. Greenwich mean time (GMT) 
is of particular interest to a navigator because it is the principal entering argument for 
the almanacs. 

One complete revolution of the earth with respect to a celestial reference point is 
called a day. In modern usage every kind of solar time has its zero or starting point 
at midnight, when the celestial reference point is directly over the lower branch of the 
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terrestrial reference meridian. This has not always been so. Until January 1, 1925, 
the astronomical day began at noon, 12 hours later than the start of the calendar day of 
the same date. The nautical day began at noon, 12 hours earlier than the calendar day, 
or 24 hours earlier than the astronomical day of the same date. The sidereal day 
begins at sidereal noon, when the first point of Aries is over the wpper branch of the 
reference meridian. There is no sidereal date. 

603. Expressing time.—Time is customarily expressed in time units, from 05 
through 24°. To the nearest 1™ it is generally stated by navigators in a four-digit unit 
without punctuation. Thus, 0000 is midnight at the start of the day. One minute 
later the time is 0001. Half an hour after the start of the day the time is 0030, at one 
hour the time is 0100, at one hour and four minutes it is 0104, at 19 minutes after noon 
(solar time) it is 1219, at four hours and 23 minutes after (solar) noon it is 1623, etc. 
The term ‘‘hours” is sometimes used with the four-digit system to indicate that the 
number refers to the time or “‘hour”’ of the day. However, in those few occasions when 
any reasonable doubt may exist as to whether time is indicated, the fact can better 
be indicated in another way. Thus, the expression ‘‘1600 hours” to indicate ‘'1600” 
or ‘16 hours”’ is not strictly correct, and is better avoided. Watch time (WT), indicated 
by a watch or clock having a 12-hour dial, and chronometer time (C) are expressed on 
a 12-hour basis, with designations am (ante meridian) and pm (post meridian), as in 
ordinary civil life ashore. 

In contrast, a time interval is expressed as hours and minutes, as 5°26". When 
either the time of day or a time interval is given to seconds, this same form is used, 
as 21515™18°. The kind of time may be indicated, usually by abbreviation. 

When a time interval is to be added to or subtracted from a time, the solution 
can be arranged conveniently in tabular form. 

Example 1.—What is the time and date 14°36™53° after 21514718° on July 24? 


Solution.— 
2114™18° July 24 
1436200" 
35°51™118 July 24 
=11°51™118 July 25 


The fact that the sum of hours exceeds 24 is an indication that the date increases 
by one. Similarly, in subtracting an interval, the date is one day earlier if 24" must 
be added to the time before the subtraction can be made. That is, since 2400 of one 
day is 0000 of the following day, one might say that 2700 on one day is 2700—2400= 
0300 on the following day. In the example above, 11°51™11° on July 25 is the same as 
11°51™11°+ 24°00™00°=35"51711* on July 24. 

Date is sometimes expressed as an additional unit of the time sequence. Thus, 
215147188 on July 24 might be stated 24921°14™18°. This system is of particular value 
when an interval of several days is to be added or subtracted. 

Example 2.—What is the time and date 9716°35™04® before 5°11™33° on September 
Lor 

Solution.— 

15°05"1 1733" 
9716535™04° 
5712°36™29® or 12°367298 on Sept. 5. 


By this method the month and day, if of significance, are recorded separately, 
or they, too, can be added to the sequence. 

Example 3.—What is the time and date 3 years, 6 months, 25 days, 12 hours, 19 
minutes, and 44 seconds after 7°52™24° on November 14, 1958? 
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Solution.— 
1958711™14907552™248 
3°06™25712"519™448 
1962°06™08°20"12™088= 205127085 on June 8 , 1962. 


Since a month may contain a variable number of days, both the months and days should 
be solved together. Thus, in the example above, the answer would be 17 months, 39 
days. If 12 months are converted to one year, this becomes five months, 39 days. Since 
the fifth month is May, this might be stated as May 39. Since there are 31 daysin May, 
this is 39—31=8 days into the next month, or June 8. 


A simpler method of determining the number of elapsed days between any two dates 
is to use the Julian day of each date, if the information is available. This also eliminates 
possible error due to change of calendar if long intervals are involved. The Julian day is 
the consecutive number of the day starting at 1200 on January 1, 4713 BC. Julian day 
is listed in the American E'phemeris and Nautical Almanac. 


604. Time and arc.—The time of day is an indication of the interval since the day 
began. One day represents one complete rotation of 360° of the earth with respect to a 
selected celestial point. Each day is divided into 24 hours of 60 minutes, each minute 
having 60 seconds. Thus, each day has 24X60=1,440 minutes or 1,440*60=86,400 
seconds. This is time regardless of the celestial reference point used, and since the 
various references are in motion with respect to each other, as “‘seen’”’ from the earth, 
apparent solar, mean solar, and sidereal days are of different lengths. Since they all have 
the same number and kind of fractional parts, these parts are themselves of different 
length in the different kinds of time. Mean solar units are customarily used to indicate 
time intervals. The smallest unit normally used in celestial navigation is the second, 
but in some electronic equipment the millisecond (one-thousandth of a second), micro- 
second (one-millionth of a second), and the millimicrosecond or nanosecond (one- 
billionth of a second) are used. 


Time of day is an indication of the phase of rotation of the earth. That is, it indi- 
cates how much of a day has elapsed, or what part of a rotation has been completed. 
Thus, at zero hours the day begins. One hour later, the earth has turned through 1/24 

360° 


of a day, or 1/24 of 360°, or “agree Six hours after the day begins, it has turned 


° 


through 6/24=1/4 day, or o =90°. Twelve hours after the start of the day, the day is 


half gone, having turned through 180°. Smaller intervals can also be stated in angular 
units, for since one hour or 60 minutes is equivalent to 15°, one minute of time is equiva- 


° I 
lent to 15" —0°25=15’, and one second of time is equivalent to ck =). 25-15" Lihue 


60 60 
Time Are 
1°=24"°—360°=1 circle 

60%—1"=15° 

4™ —1°=—60’ 
60? = 175 =15/ 

48—]/—60" 

18=15"=0/25 


Any time interval can be expressed as an angle of rotation, and vice versa. Intercon- 
version of these units can be made by the relationships indicated above. 
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To convert time to are: 

1. Multiply the hours by 15 to obtain degrees. 

2. Divide the minutes of time by four to obtain degrees, and multiply the remainder 
by 15 to obtain minutes of arc. 

3. Divide the seconds of time by four to obtain minutes and tenths of minutes of 
arc, or multiply the remainder by 15 to obtain seconds of arc. 

4, Add degrees, minutes, and tenths (or seconds). 

Example 1.—Convert 14"21™39* to arc units. 


Solution.— 
C1) 14 A 5 = 210° 
(2) Dime a 15°15! (remainder 1™X 15=15’) 
(3) 399 + 4= 9/45” (remainder 3°X15=45") 


(4) 14221™39° =215°24’45” —215°24’.8 (to nearest 0’.1). 


To convert arc to time: 

1. Divide the degrees by 15 to obtain hours, and multiply the remainder by four 
to obtain minutes of time. 

2. Divide the minutes of arc by 15 to obtain minutes of time, and multiply the 
remainder by four to obtain seconds of time. 

3. Divide the seconds of arc by 15 to obtain seconds of time. 

4. Add hours, minutes, and seconds. 


Example 2.—Convert 215°24’45” to time units. 


Solution. — 
CL 216° = 15 14°20" (remainder 5° X4=20") 
(2) 24" 4="15= 1™36® (remainder 9’ x 4=36°) 
(3) 2 45Gnee b= on 


(4) 215°24'45" = 14°21™39* 


Example 3.—Convert 161°53'7 to time units. 
Solution.— 


(1) 161° + 15=10°44™ (remainder 11°K4=44") 
(2) bane ho 3™34°8 (remainder 8°7X4=34'8) 
(3) 161°53°.7=10°47734°8,. = 10°47735" 


The navigator should be able to make these solutions mentally, writing only the 
answer. As a check, the answer can be converted back to the original value. Solution 
can also be made by means of arc to time tables in the almanacs. In the Nautical 
Almanac the table, given near the back of the volume (app. F), is in two parts, per- 
mitting separate entries with degrees, minutes, and quarter minutes of arc. The table is 
arranged in this manner because the navigator is confronted with the problem of 
converting arc to time more often than the reverse. 

Example 4.—Convert 334°18'22” to time units, using the Nautical Almanac arc to 
time conversion table. 

Solution.— 

334° = 22716" 
18°25= 1313" 
304-1822" —22"17"13" 


The 22” are converted to the nearest quarter minute of arc for solution to the 
nearest second of time. Interpolation can be used if more precise results are required, 
since exact relationships are tabulated in the Nautical Almanac conversion table. 
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Example 5.—Convert 83°29'6 to time units, using the Nautical Almanac arc to 
time conversion table. 
Solution.— 
83°=s 532™ 
29°6= 1™58%4 
83°29 1 6 = 573375854 


In this solution, 5884 was obtained by eye interpolation in the quarter-minute part of 
the table. 
Example 6.—Convert 17°09"42° to arc units, using the Nautical Almanac arc to 
time conversion table. 
Solution.— 
17°08" =257- 
1™42°= 2515 
17°09742°=257°25°5 


A similar table appears near the back of the Air Almanac (app. G); however, 
quarter minutes of arc are not included. 
Example 7.—Convert 334°47/2 to time units, using the Air Almanac arc to time 
conversion table. 
Solution.— 
334°= 227167 
AG 2= 3™09° 
334°47 /2—= 227197098 


Example 8.—Convert 15°13™18° to time units, using the Air Almanac arc to time 
conversion table. 
Solution.— 
15°12"== 228° 
1718°= 19/5 
15°13718°=228°1915 


Because the almanac conversion tables are exact relationships, interpolation in 
them can be carried to any degree of precision desired without introducing an error. 

605. Time and longitude.—As indicated in the preceding article, time is a measure 
of rotation of the earth, and any given time interval can be represented by a corre- 
sponding angle through which the earth turns. Suppose the celestial reference point 
were directly over a certain reference of the earth. An hour later the earth would have 
turned through 15°, and the celestial reference would be directly over a meridian 15° 
farther west. Any difference of longitude is a measure of the angle through which the 
earth must rotate for the local time at the western meridian to become what it was at 
the eastern meridian before the rotation took place. Therefore, places to the eastward 
of an observer have later time, and those to the westward have earlier time, and the 
difference is exactly equal to the difference in longitude, expressed in time units. When 
a meridian other than the local meridian is used as the time reference, the difference in 
time of two places is equal to the difference of longitude of their time reference meridians. 

606. The date line.—Since time becomes later toward the east, and earlier toward 
the west, time at the lower branch of one’s meridian is 12 hours earlier or later depending 
upon the direction of reckoning. A traveler making a trip around the world gains or 
loses an entire day. To prevent the date from being in error, and to provide a starting 
place for each day, a date line is fixed by international agreement. This line coincides 
with the 180th meridian over most of its length. In crossing this line, one alters his 
date by one day. In effect, this changes his time 24 hours to compensate for the slow 
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change during a trip around the world. Therefore, it is applied in the opposite direction 
to the change of time. Thus, if a person is traveling eastward from east longitude to 
west longitude, time is becoming /ater, and when the date line is crossed, the date becomes 
one day earlier. That is, at any moment the date immediately to the west of the date line 
(east longitude) is one day later than the date immediately to the east of the line, except 
at GMT 1200, when the (mean time) date is the same all over the world. At any other 
time two dates occur, one boundary between dates being the date line, and the other 
being the midnight line along the lower branch of the meridian over which the mean 
sun is located. At GMT 1200 these two boundaries coincide. In the solution of problems, 
error can sometimes be avoided by converting local time to Greenwich time, and then 
converting this to local time on the opposite side of the date line. Examples are given 
in following articles. 

607. Zone time.—At sea, as wellasashore, watches and clocks are normally set 
approximately to some form of zone time (ZT). At sea the nearest meridian exactly 
divisible by 15° is usually used as the time meridian or zone meridian. Thus, within a 
time zone extending 7°5 on each side of each time meridian the time is the same, and 
time in consecutive zones differs by exactly one hour. The time is changed as conven- 
ient, usually at a whole hour, near the time of crossing the boundary between zones. 
Each time zone is identified by the number of times the longitude of its zone meridian 
is divisible by 15°, positive in west longitude and negative in east longitude. This 
number and its sign, called the zone description (ZD), is the number of whole hours 
that are added to or subtracted from the zone time to obtain Greenwich mean time 
(GMT), which is the zone time at the Greenwich (0°) meridian, and is sometimes called 
Universal Time (UT). The mean sun is the celestial reference point for zone time. 

Example 1.—¥or an observer at long. 141°18‘4W the ZT is 6718™24°. 

Required.—(1) Zone description. 

(2) GMT. 

Solution.—(1) The nearest meridian exactly divisible by 15° is 135°W, into which 
15° will go nine times. Since longitude is west, ZD is (+)9. 


7: 6819248 
1S) ls Mii 
(2) GMT 15°18™248 


In converting GMT to ZT, a positive ZD is subtracted, and a negative one added, 
but its sign remains the same, being part of the description. The word “‘reversed”’ (rev.) 
is written to the right in the work form to indicate that the “reverse’’ process is to be 
performed. 

Example 2.—The GMT is 155277098. 

Required.—(1) ZT at long. 156°24'4W. 

(2) ZT at 39°04'8E. 


Solution.— 

(1) GMT 15°277095 (2) GMT 15°27™09° 
ZD (+)10 (rev.) ZD (—) 3 (rev.) 
ZT 5°27™09° ZT 185277098 


When time at one place is converted to that at another, the date should be watched 
carefully. If a sum exceeds 24 hours, subtract this amount and add one day. If 24 hours 
are added before a subtraction is made, the date at the place is one day earlier. 

Example 3.—At long. 73°29/2W the ZT is 21712™53* on May 14. 

Required.—(1) GMT and date. 

(2) ZT and date at long. 107°15/7W. 
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Solution.— 
ZT 21512753 May 14 
ZD}, (+) 5 
(1) GMT 2°12™53® May 15 
ZD (+) 7 (rev.) 
eA 19°12™53° May 14 


The second part of this problem might have been solved by using the difference 
in zone description. Since the second place is two zones farther west, its time is two 
hours earlier. Problems involving zone times at various places generally involve nothing 
more than addition or subtraction of one small number, so solutions can generally be 
made mentally. However, when this forms part of a larger problem, or when a record 
of the solution is desired, the full solution should be recorded, including labels. 

Example 4.—On November 30 the 1430 DR long. of a ship is 51°32/4W. Ten 
hours later the DR long. is 53°07/2W. 

Required.—ZT and date of arrival at the second longitude. 


Solution.— 

ZT 1430 Nov. 30 
LOOK) RS 

GMT 1730 Nov. 30 
int. 10 

GMT 0330 Dec. 1 
ZD (+) 4 ~~ (tev.) 
ZT 2330 Nov. 30 


If a time zone boundary had not been crossed, there would have been no need to 
find GMT. It is particularly helpful to retain this step when the date line is crossed. 
This line is the center of a time zone, the western (east longitude) half being designated 
(—) 12, and the eastern (west longitude) half (+) 12. 

Example 5.—On December 31 the 0800 DR long. of a ship is 177°23‘9E. Forty 
hours later the DR long. is 171°53/9W. 

Required.—ZT and date of arrival at the second longitude. 


Solution.— 
Alternative solution 
His 0800 Dec. 31 ZT 31°08"00™ 
ZD (—)12 ZD (—) 12 
GMT 2000 Dec. 30 GMT 30°20°00™ 
int. 40 int. 19168 
GMT 1200 Jan. 1 GMT 1°12500™ 
ZD (+)11  (rev.) ZD (+) 11 (rev.) 
ZT 0100 Jan. 1 ZT 19012007 


For certain communication purposes it is sometimes convenient to designate a 
time zone by asingle letter. The system used is shown in table 36. 

Use of time zones on land began in 1883, when railroads adopted four standard 
zones for the continental United States. The division of the United States into time 
zones was not officially adopted by Congress, however, until March 19, 1918, when a 
fifth zone was also established for Alaska. The system of time zones is now used al- 
most universally throughout the world, although on land the zone boundaries are 
generally altered somewhat for convenience. In a few places, half-hour zones are used. 

On land, normal zone time is usually called standard time, often with an adjective 
to indicate the zone, as eastern standard time. In some areas timepieces are advanced 
one or more hours during the summer to provide greater use of daylight. This “fast” 


474 TIME MEASUREMENTS AND CONVERSIONS 


time is called daylight saving time in the United States, and summer time elsewhere. 
When time is oné hour fast, the zone description is (algebraically) one less than normal. 
When daylight saving or summer time is specified, an advance of one hour is under- 
stood unless a greater number is indicated. 
Example 6—What is the standard time and date at Tokyo, long. 140° E, when the 
daylight saving time at Washington, long. 77°W, is 1600 on Oct. 5? 
Solution.— 
ZT 1600 Oct. 5 
ZD, (+ ),4 
GMT 2000 Oct. 5 
ZD (—) 9 (rev.) 
ZT 0500 Oct. 6 


During hostilities daylight saving time may be kept all year long throughout a 
nation, and designated war time. 


608. Chronometer time (C) is time indicated by a chronometer. Since a chro- 
nometer is set approximately to GMT, and not reset until it is overhauled and cleaned, 
perhaps three or more years later, there is nearly always a chronometer error (CE), 
either fast (F) or slow (S). The change in chronometer error in 24 hours is called 
chronometer rate, or daily rate, and designated gaining or losing. With a consistent 
rate of 1° per day for three years, the chronometer error would be approximately 18”. 
Since chronometer error is subject to change, it should be determined from time to 
time, preferably daily at sea. Chronometer error is found by radio time signal, by 
comparison with another timepiece of known error, or by applying chronometer rate 
to previous readings of the same instrument. It is recorded to the nearest whole or 
half second. Chronometer rate is recorded to the nearest 0°1. 

Example 1.—At GMT 1200 on May 12 the chronometer reads 12°04™21°. At 
GMT 1600 on May 18 it reads 4504™25°. 

Required.—(1) Chronometer error at both comparisons. 

(2) Chronometer rate. 

(3) Chronometer error at GMT 0530 on May 27. 

Solution.— 

GMT 12007008 May 12 
C 125047215 
(1) CE (F) 47218 


GMT 16%00"00* May 18 
C 4204™25° 
(1) CE (F) 4™25* 
GMT 124128 
GMT 187162 
diff. 6904"=692 
CE (F) 4721° 1200 May 12 
CE (F) 425° 1600 May 18 
diff. 4° gained 
(2) daily rate 086 per day, gaining. (4°=-622) 
GMT 18°716200™ 
GMT 27°05°30™ 
dift a7 89) 3?308= 825 
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CE (F) 4™25° 1600 May 18 
corr. (+)58 (875 X<0°6 per day) 
(3) CE (F) 4™30° 0530 May 27 


Because GMT is stated on a 24-hour basis, and chronometer time on a 12-hour 
basis, a 12-hour ambiguity exists. This is ignored in finding chronometer error. How- 
ever, if chronometer error is applied to chronometer time to find GMT, a possible 12- 
hour error can result. This can be resolved by mentally applying zone description 
to local time to obtain approximate GMT. A time diagram can be used for resolving 
doubt as to approximate GMT and Greenwich date. If the sun for the kind of time 
used (mean or apparent) is between the lower branches of two time meridians (as the 
standard meridian for local time, and the Greenwich meridian for GMT), the date at. 
the place farther east is one day later than at the place farther west. 

Ezample 2.—On August 14 the DR long. of a ship is about 124°E, and the zone time 
is about 0500. Chronometer error is 127278 slow. 

Required.—GMT and date when the chronometer reads 8°44™22°. 


Solution.— 
approx. ZT 0500 Aug. 14 
AD aC) 
approx. GMT 2100 Aug. 13 
GC gr4gmons 


CE (S)12™278 
GMT 20°56™49° Aug. 13 


The A chronometer, usually the best (having the most nearly uniform rate), is 
compared directly with the time signal. Other chronometers, designated B, C, etc., 
may then be compared with the A chronometer. 

Example 8—At GMT 1400 chronometer A is checked by time signal, and found 
to read 1°57™09*. A little later, when it reads 2505"00°, chronometer B reads 2°11™38°. 


Required.—(1) Error of chronometer A. 
(2) Error of chronometer B. 
Solution.— 
GMT 14°007005 . 
Ora 700" 
(1)°CH, (S) 2°51 
CA 2705°00" 
GMT 142077515 
Cy -2°11"38% 
(2) CW, (it) 3"478 


If time signals are not available at the chronometer, a good comparing watch 
should be compared with the radio signal, and this watch used to determine chronom- 
eter error, as indicated in example 3, substituting the watch for chronometer A. 


609. Watch time (WT) is time indicated by a watch. This is usually an approxi- 
mation of zone time, except that for timing celestial observations it is good practice to 
set a hack or comparing watch to GMT. If the watch has a second setting hand, the 
watch can be set exactly to ZT or GMT, and the time is so designated. If the watch is 
not set exactly to one of these times, the difference is known as watch error (WE), 
labeled fast (F) or slow (S) to indicate whether the watch is ahead of or behind the 
correct time, respectively. 
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If a watch is to be set exactly to ZT or GMT, it is set to some whole minute slightly 
ahead of the correct time, and stopped. When the set time arrives, the watch is started. 
It should then be checked for accuracy. 

Example 1.—A chronometer 9™46* fast on GMT reads approximately 7°23™. At 
the next whole five minutes of GMT a comparing watch is to be set to GMT exactly. 


Required.—(1) What should the watch read at the moment of starting? 
(2) What should the chronometer read? 


Solution.— 
Oe 23005 
CE (F) 946° 
GMT 138142 
(1) GMT 7°15™00° (next whole 5™) 


CE (F) 9™46° 
(2) C  724™46° 


The GMT may be in error by 12°, but if the watch is graduated to 12 hours, this 
will not be reflected. If a watch with a 24-hour dial is used, the actual GMT should 
be determined. 

If watch error is to be determined, it is done by comparing the reading of the watch 
with that of the chronometer at a selected moment. This may be at some selected 
GMT, as in example 1. 

Example 2.—If, in example 1, the watch had read 7°14™48° at the moment the 
chronometer read 7°24™46°, what would be the watch error on GMT? 

Solution.— 

GMT 7715700? 
WT 7"14™48° 
WE  (S) 12! 


A more convenient chronometer time might be selected, as a whole minute. 


Example 3—A watch is set to zone time approximately. The longitude is about 
48°W. The watch is compared with a chronometer which is 19™44* fast on GMT. 
When the chronometer reads 5°22™00°, the watch reads 2°017538. 


Required.—W atch error on zone time. 


Solution.— 
C 522™008 
CE (F) 19™44° 
GMT 55027168 
ZD (+) 3 (rev.) 
ZY 202716" 
WT 2 OL 537 
WE (S) 23° 


The possible 12" error is not of significance. When such a watch is used for deter- 
mining GMT, however, as for entering an almanac, the 12-hour ambiguity is important. 
Unless a watch is graduated to 24 hours, its time is designated Am before noon and pm 


after noon. 


Example 4.—On January 3 the DR long. is 94°14‘7E. An observation of the sun 
is made when the watch reads 12167238 pm. The watch is 22° fast on zone time. 
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Required —GMT and date. 


Solution.— 
WT 12°16™2°° pw Jan. 3 
WE (RH) 22° 
ZT 12516™015 
ZD (—) 6 
GMT 6°16701° Jan, 3 


Note that between 1200 and 1300 watch designations are pm. Between 0000 and 
0100 they are am. 

Comparison of a watch and chronometer should be made carefully. If two observers 
are available, one can give a warning “stand-by” a few seconds before the selected 
time, and a ‘‘mark” at the appointed moment, while the other notes the time of the 
watch. A single observer can make a satisfactory comparison by counting with the 
chronometer. Chronometers beat in half seconds, with an audible “‘tick.’”’ Ten seconds 
before the selected time (perhaps a whole minute), the observer starts counting with 
the beats, as he watches the chronometer second hand, ‘50, and, 1, and, 2, and, 3, 
Cot (rigs 9, and, mark.”’ During the count the observer shifts his view from the 
chronometer to the second hand of the watch, continuing to count in cadence with the 
chronometer beats. At the ‘mark,’ the second, minute, and hour hands of the watch 
are read in that order, and the time recorded. A comparison of this time with the GMT 
or ZT corresponding to the selected chronometer time indicates the watch error. 

Even though a watch is set to zone time approximately, its error on GMT can 
be determined and used for timing observations. In this case the 12-hour ambiguity 
in GMT should be resolved, and a time diagram used to avoid possible error. This 
method requires additional work, and presents a greater probability of error, without 
compensating advantages. 

Still another method of determining GMT, generally used before zone time came 
into common use at sea, is to subtract watch time from chronometer time, to find 
C-WT. This is then added to the watch time of an observation to obtain chronometer 
time (C—WT+WT=C). Chronometer error is then applied to the result to obtain 
GMT. A time diagram should always be used with this method, to resolve the 12-hour 
ambiguity and to be sure of the correct Greenwich date, unless an auxiliary solution is 
made using approximate ZT and ZD. This method has little to recommend it. 

If a watch has a watch rate of more than a few seconds per day, watch error should 
be determined both before and after a round of sights, and any difference distributed 
proportionally among observations. 

If a stop watch is used for timing observations, it should be started at some con- 
venient GMT, as a whole 5™ or 10”. The time of each observation is then this GMT 
plus the reading of the watch. 

610. Local moan time (LMT), like zone time, uses the mean sun as the celestial 
reference point. It differs from zone time in that the local meridian is used as the 
terrestrial reference, rather than a zone meridian. Thus, the local mean time at each 
meridian differs from that of every other meridian, t! > difference being equal to the 
difference of ongitude, expressed in time units. At ach zone meridian, including 
0°, LMT and ZT are identical. 

Example 1.—At long. 124°37/2W the LMT is 17°24™18* on March 21. 

Required. -(1) GMT and date. 

(2) ZT and date at the place. 
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Solution.— _ 
LMT 17°24™18° Mar. 21 
oN 8518™29°W 
(1) GMT 1°42™47° Mar. 22 
ZD (+) 8 (rev.) 


(2) ZT 17542™47® Mar. 21 


In navigation the principal use of LMT is in rising, setting, and twilight tables. 
The problem is usually one of converting the LMT taken from the table to ZT. At 
sea, the difference between these times is normally not more than 30™, and the conver- 
sion is made directly, without finding GMT as an intermediate step. This is done by 
applying a correction equal to the difference of longitude (dd). If the observer is west 
of his time meridian, the correction is added, and if east of it, the correction is subtracted. 
If Greenwich time is desired, it is found from ZT. 

Example 2.—At long. 63°24'4E the LMT is 0525 on January 2. 

Required.—(1) ZT and date. 

(2) GMT and date. 


Solution.— 
LMT 0525 Jan. 2 
din = os 
(1) ZT 0511 Jan. 2 
ZD (2304 


(2) GMT 0111 Jan. 2 


On land, with an irregular zone boundary, the longitude may differ by more than 
7°5 (30™) from the time meridian. 

If LMT is to be corrected to daylight saving time, the difference in longitude 
between the local and time meridian can be used, or the ZT can first be found and then 
increased by one hour. 

Conversion of ZT (including GMT) to LMT is the same as conversion in the 
opposite direction, except that the sign of dd is reversed. This problem is not normally 
encountered in navigation. 

611. Apparent time utilizes the apparent (real) sun as its celestial reference, and 
a meridian as the terrestrial reference. Local apparent time (LAT) uses the local 
meridian. The LAT at the 0° meridian is called Greenwich apparent time (GAT). 

The LAT at one meridian differs from that at any other by the difference in 
longitude of the two places, the place to the eastward having the later time, and con- 
version is the same as converting LMT at one place to LMT at another. 

Use of the apparent sun as a celestial reference point for time results in time of 
nonconstant rate for at least three reasons. First, revolution of the earth in its orbit 
is not constant. Second, motion of the apparent sun is along the ecliptic, which is 
tilted with respect to the celestial equator, along which time is measured. Third, 
rotation of the earth on its axis is not constant. The effect due by this third cause is 
extremely small. 

For the various forms of mean time, the apparent sun is replaced by a fictitious 
mean sun conceived as moving eastward along the celestial equator, at a uniform speed 
equal to the average speed of the apparent sun along the ecliptic, thus providing a 
nearly uniform measure of time equal to the approximate average apparent time. At 
any moment the accumulated difference between LAT and LMT is indicated by the 
equation of time (Eq. T), which reaches a maximum value of about 1674 in November. 
This quantity is tabulated at 12-hour intervals at the bottom of the right-hand daily 
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page of the Nautical Almanac. In the United States, the sign is considered positive 
(+) if the time of sun’s ‘Mer. Pass.’ is earlier than 1200, and negative (—) if later 
than 1200. If the “Mer. Pass.’’is given as 1200 (as on June 12-14, 1975), the sign is positive 
if the GHA at GMT 1200 is between 0° and 1°, and negative if it is greater than 359°. 
| The sign is correct for conversion of GMT to GAT. In Great Britain, this convention 
is reversed. A heavy line is used to indicate a change of sign heirs consecutive 
_ entries, as shown between 00" and 12” on June 14, when the sign changes from positive 
to negative. 

Example.—Find the LAT and date at ZT 15"10™40* on May 31, 1975, for long. 
73°18 /4W. 


Solution.— 
TK 15"10™40* May 31 
2D oN) 

GMT 20°1040° May 31 

Kq. T (+)2™25 
GAT 20°13™05° May 31 

r 4553™14°W 

LAT 15519"51* May 31 


In conversion from apparent to mean time, a second solution may be needed if 
the equation of time is large and changing rapidly, using the GAT for entering the 
almanac for the first solution, and using the GMT from this solution as the almanac 
entry value for the second solution. 

Apparent time can also be found by converting hour angle to time units, and 
adding or subtracting 12 hours. If LAT is required, but not GAT, conversion of arc 
to time should be made from LHA, rather than GHA, to avoid the need for conversion 
of longitude to time units. Equation of time can be found by subtracting mean time 
from apparent time at the same meridian. This method of finding apparent time and 
equation of time is the only one available with the Air Almanac, which does not tabulate 
equation of time. 

The navigator has little or no use for apparent time, as such. However, it can be 
used for finding the time of local apparent noon (LAN), when the apparent sun is on 
the celestial meridian. 

The mean sun averages out the irregularities in time due to the variations of the 
speed of revolution of the earth in its orbit and the fact that the apparent sun moves 
in the ecliptic while hour angle is measured along the celestial equator. It does not 
eliminate the error due to slight variations in the rotational speed of the earth. When 
a correction for the accumulated error from this source is applied to mean time, ephem- 
eris time results. This time is of interest to astronomers, but is not used directly by 
the navigator. 

612. Sidereal time uses the first point of Aries (vernal equinox) as the celestial 
reference point. Since the earth revolves around the sun, and since the direction of 
the earth’s rotation and revolution are the same, it completes a rotation with respect 
to the stars in less time (about 3"56°6 of mean solar units) than with respect to the sun, 
and during one revolution about the sun (one year) it makes one complete rotation more 
with respect to the stars than with the sun. This accounts for the daily shift of the 
stars nearly 1° westward each night. Hence, sidereal days are shorter than solar days, 
and its hours, minutes, and seconds are correspondingly shorter. Because of nutation 
sidereal time is not quite constant in rate. Time based upon the average rate is called 
mean sidereal time, when it is to be distinguished from the slightly irregular sidereal 
time. The ratio of mean solar time units to mean sidereal time units is 1:1.00273791. 
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The sidereal day begins when the first point of Aries is over the upper branch of 
the meridian, and extends through 24 hours of sidereal time. The sun is at the first 
point of Aries at the time of the vernal equinox, about March 21. However, since the 
solar day begins when the sun is over the lower branch of the meridian, apparent solar 
and sidereal times differ by 12 hours at the vernal equinox. Each month thereafter, 
sidereal time gains about two hours on solar time. By the time of the summer solstice, 
about June 21, sidereal time is 18 hours ahead or six hours behind solar time. By the 
time of the autumnal equinox, about September 23, the two times are together, and by 
the time of the winter solstice, about December 22, the sidereal ‘ime is six hours ahead 
of solar time. There need be no confusion of the date, for there is no sidereal date. 


Local sidereal time (LST) uses the local meridan as the terrestrial reference. At 
the prime meridian this is called Greenwich sidereal time (GST). The difference 
between LST at two meridians is equal to the difference of longitude between them, 
the place to the eastward having the later time. Local sidereal time is LHA Y expressed 
in time units. To determine LST at any given moment, find GHAT by means of an 
almanac, and then apply the longitude to convertit to LHAY. Then convert LHAT in 
arc to LST in time units. 

Example.—Find LST at ZT 8°25"51* on May 31, 1975, for long. 103°16/3E. 

Solution.— 

TE 8°25™51° May 31 
ZD (—)7 
GMT 1°25"51° May 31 
1 262°54/8 
257518 6°28/8 
GHA p"'"'260°237 6 
r 103°16‘3E 
LHAT 12°39/9 
LST 0°50™40 


Unless GST is required, conversion from arc to time units should be made from 
LHAY, rather than from GHAT, to avoid the need for converting longitude from arc 
to time units. 


Conversion of sidereal to solar time is the reverse. Local sidereal time is converted 
to arc (LHAT), and the longitude is applied to find GHA. Thisis used as an argument 
for entering the almanac to determine GMT, which can then be converted to any other 
kind of time desired. This is similar to one method of finding time of meridian transit, 
described in article 733. Normally, the problem is not encountered by the navigator. 


Sidereal time, as such, is little used by the navigator. It is the basis of star charts, 
star finders and identifiers, and certain sight reduction methods (Volume I of 
Pub. No. 249), but generally in the form LHAY. This kind of time is used for these 
purposes because its celestial reference point remains almost fixed in relation to the 
stars. 


613. Time and hour angle.—Both time and hour angle are a measure of the phase 
of rotation of the earth, since both indicate the angular distance of a celestial reference 
point west of a terrestrial reference meridian. Hour angle, however, applies to any 
point on the celestial sphere. Time might be used in this respect, but only the apparent 
sun, mean sun, the first point of Aries, and occasionally the moon are commonly used. 

Hour angles are usually expressed in arc units, and are measured from the upper 
branch of the celestial meridian. Time is customarily expressed in time units. Sidereal 
time is measured from the upper branch of the celestial meridian, like hour angle, but 
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solar time is measured from the lower branch. Thus, LMT=LHA mean sun plus or 
minus 180°, LAT=LHA apparent sun plus or minus 180°, and LST=LHAYT. 

As with time, local hour angle (LHA), based upon the local celestial meridian, at 
two places differs by the longitude between them, and LHA at longitude 0° is called 
Greenwich hour angle (GHA). In addition, it is often convenient to express hour angle 
in terms of the shorter arc between the local celestial meridian and the body. This is 
similar to measurement of longitude from the Greenwich meridian. Local hour angle 
measured in this way is called meridian angle (t), which is labeled east or west, like 
longitude, to indicate the direction of measurement. A westerly meridian angle is 
numerically equal to LHA, while an easterly meridian angle is equal to 360°—LHA; 
also, LHA=t (W), and LHA=360°—t (E). Meridian angle is used in the solution of 
the navigational triangle. 

Example 1.—Find LHA and t of the sun at GMT 3"24™16® on June 1, 1975, for 
long. 118°48‘/2W. 

Solution.— 

GMT 3°24716° June 1 
a 220coods 
247168 6°04/0 
GHA 231°39'7 
» 118°48'2W 
EAC 41225135 
t 112°5175W 


Example 2.—Find LHA and t of Kochab at ZT 18°24™47* on May 31, 1975, for 
long. 55°27‘3W. 


Solution.— 
Kochab 
7a 18"24™47° May 31 
ZDinwl-h):4 
GMT 22%24™47* May 31 
225 218°46/5 
247475 6°12/8 
SHA Ve vical eey 
GHA Dele 
r 55° 27.8 W 
LHA 306°49/7 
‘i 53°10/3E 
Problems 


603a. What is the time and date 9"13729* before 3516734° May 9? 

Answer.—T 18"03™05° May 8. 

603b. What is the time and date 4°19"22"50° after 9°31™04° on December 25? 

Answer.—T 4°53™54® on Dec. 30. 

603c. What is the time and date 2 years, 11 months, 16 days, 10 hours, 23 minutes, 
and 48 seconds before 2°46™17° on October 4, 1958? 

Answer.—T 16°22™29° on Oct. 17, 1955. 

603d. What is the time and date 412 days, 15 hours, 6 minutes, and 56 seconds 
after 22°27703° on March 16, 1958? 

Answer.—T 13°33™59° on May 3, 1959. 
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604a. Convert 6°28731° to arc units, without use of a conversion table. 

Answer.—97 °07'45” or 97°07'8. 

604b. Convert 217 °28/8 to time units, without use of a conversion table. 

Answer.—14°29"5582 or 14°29™55°. 

604c. Convert 196°21’46” to time units, without use of a conversion table. 

Answer.—13°05"27°1 or 13°05™278. 

604d. Convert 107°49’44” to time units, using appendix F. 

Answer.—7"11™19°. 

604e. Convert 211°37/3 to time units, using appendix F. 

Answer.—14°06™2982. 

604f. Convert 8°49733° to arc units, using appendix F. 

Answer.—132 °23 ‘2. 

604g. Convert 251 °09'2 to time units, using appendix G. 

Answer.—16544™378. 

604h. Convert 23°07™38° to time units, using appendix G. 

Answer.—346 °54'5. 

607a. For an observer at long. 97 °24'6E the ZT is 19°10™265. 

Required.—(1) Zone description. 

(2) GMT. 

Answers.—(1) ZD (—) 6, (2) GMT 137107268. 

607b. The GMT is 112327078. 

Required.—(1) ZT at long. 133°24‘/7W. 

(2) ZT at long. 111°43/9E. 

Answers.—(1) ZT 2532™078, (2) ZT 185327078. 

607c. At long. 165°18‘2E the ZT is 17908"51° on July 11. 

Required.—(1) GMT and date. 

(2) ZT and date at long. 125°36/7W. 

Answers.—(1) GMT 6°08™518 on July 11, (2) ZT 22°08751° on July 10. 

607d. On January 26 the 0800 DR long. of a ship is 128°03‘2E. Twenty-six hours 
later the EP long. is 125°01/4K. 

Required.—ZT and date of arrival at the second longitude. 

Answer.—ZT 0900 Jan. 27. 

607e. On April 1 the 1200 running fix long. of a ship is 179°55‘2W. Eight hours 
later the DR long. is 178°48‘9E. 

Required.—ZT and date of arrival at the second longitude. 

Answer.—ZT 2000 Apr. 2. 

607f. Inch’dn, long. 137°E, uses ZD (—) 8°30™ for standard time. Find the standard 
time and date at San Francisco, long. 122°W, when the summer time at Inch’6n is 
2000 on August 9. 

Answer.—ZT 0230 Aug. 9. 

608a. At GMT 1400 on July 2 the chronometer reads 1°42™28°. At GMT 0800 
on July 12 it reads 79427408. 

Required.—(1) Chronometer error at GMT 1400 on July 2. 

(2) Chronometer error at GMT 0800 on July 12. 

(3) Chronometer rate. 

(4) Chronometer time at ZT 1800 July 20, at long. 153°21/7W. 

Answers.—(1) CE 17732° slow, (2) CE 17™20° slow, (3) rate 182 gaining, (4) C 
B42 51: 
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608b. On March 5 the DR long. of a ship is about 151°E, and the zone time is 
about 1800. Chronometer error is 6™40° fast. 

Required.—GMT and date when the chronometer reads 8°02™23°. 

Answer.—GMT 7°55™43° on Mar. 5. 

608c. On November 7 the EP long. of a ship is about 71°W, and the zone time is 
about 1900. Chronometer error is 1™18°® slow. 

Required—GMT and date when the chronometer reads (1) 1155™20°, (2) 11"59™508. 

Answers.—(1) GMT 23"56™38° Nov. 7, (2) GMT 05017088 Nov. 8. 


608d. At GMT 2200 a comparing watch is checked by time signal, and found to 
read 10°00™05°. The chronometer errors are then determined by means of the com- 
paring watch. When the watch reads 10°06™00*, chronometer A reads 10"11™17°, and 
when the watch reads 10°08™008, chronometer B reads 9°59™068. 

Required.—(1) Watch error. 

(2) Error of chronometer A. 

(3) Error of chronometer B. 

Answers.—(1) WE 5° fast on GMT, (2) CH, 5™22° fast, (3) CE, 8™49° slow. 

609a. A chronometer 7"22* slow on GMT reads approximately 3°45™. About 
two minutes later, when the GMT is a whole minute, a comparing watch will be set 
to GMT exactly. 

Required.—(1) Reading of the watch at starting. 

(2) Reading of the chronometer. 

Answers.—(1) WT 3547008, (2) C 3546™38°. 

609b. A chronometer 5™10* fast on GMT reads approximately 5°50™. About one 
minute later, when the GMT is a whole minute, a comparing watch with a 24-hour 
dial will be set to GMT exactly. The ZT is approximately 1145 and the long. 94°W. 

Required.—(1) Reading of the watch at starting. 

(2) Reading of the chronometer. 

(3) Watch error if, instead of being set to GMT, the watch setting is unchanged 
and the watch reads 17°45"32* at comparison. 

Answers.—(1) WT 175467008, (2) C 5°51™10°, (3) WE 28° slow on GMT. 

609c. A watch is set to zone time, approximately. The long. is about 160°E. The 
watch is compared with a chronometer which is 3"16* fast on GMT. When the chronom- 
eter reads 1548™00°, the watch reads 12"45™02°. 

Required.—Watch error on zone time. 

Answer.—WE 188 fast on ZT. 

609d. On February 14 the DR long. is 63°46/1W. An observation of Dubhe is 
made when the watch reads 6°07730° pm. The watch is 11° slow on zone time. 

Required.—GMT and date. 

Answer.—GMT 22"077418 Feb. 14. 

609e. On December 11 a watch is set to zone time, approximately. The long. 
is 137°W. The chronometer is 3"36° fast on GMT. When the chronometer reads 
4°40™00°, the watch reads 7°36™06® PM. 

Required.—(1) Watch error on GMT. 

(2) GMT and date about 20 minutes later, when the watch reads 7°55™52'. 

Answers.—(1) WE 2°59™42° fast on GMT, (2) GMT 4°56™10® Dec. 12. 

609f. Shortly before taking morning sights on January 17 the navigator compares 
his watch with the chronometer. When the chronometer reads 2°30™00%, the watch 
reads 6°13™12® am. The chronometer is 17™15® fast on GMT. The long. is 118°W. 

Required.—(1) C-WT. 

(2) GMT and date a little later when Regulus is observed at WT 6°28™47° Am. 

Answers.—(1) C-WT 816488, (2) GMT 14°28™208 Jan. 17. 
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610a. At long. 138°09‘3E the LMT is 0°09"57* on April 23. 

Required.—(1) GMT and date. 

(2) ZT and date at the place. 

Answers.—(1) GMT 14"57™208 Apr. 22, (2) ZT 23°57™20® Apr. 22. 

610b. At long. 157°18/4W the LMT is 1931 on June 29. 

Required.—(1) ZT and date. 

(2) GMT and date. 

Answers.—(1) ZT 2000 June 29, (2) GMT 0600 June 30. 

610c. At long. 99°35'7W the daylight saving time is 21°29™45° on August 31. 

Required.—(1) Standard time and date. 

(2) LMT and date. 

Answers.—(1) Standard time 20°29™45* Aug. 31, (2) LMT 20°51™22° Aug. 31. 

6lla. Find the LAT and date at ZT 5°26713° on June 12, 1975, for long. 9°28/1E. 

Answer.—LAT 5047218 June 12. 

611b. At long. 77°15'5W the LAT is 1500 on June 13, 1975. 

Required.—(1) ZT. 

(2) LMT. 

Answers.—(1) ZT 155087568, (2) LMT 14°59™54°. 

6llc. Using the Air Almanac, find (1) LAT at long. 117°55’W, and (2) the Eq. 
T, at ZT 20°43709° on June 1, 1975. 

Answers.—(1) LAT 20°53™44°, (2) Eq. T (+) 2™15°. 

612a. Find LST at ZT 19°24™26° on June 1, 1975, for long. 87°51'2E. 

Answer.—LST 11°53™298. 

612b. Find the ZT at LST 21°20707° on May 31, 1975, for long. 54°21/3W. 

Answer.—ZT 4°24™408. 
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CHAPTER VII 
CALCULATIONS OF CELESTIAL NAVIGATION 


Finding GHA and Declination 


701. Use of the almanacs.—The time used as an entering argument in the almanacs 
is 12" + Greenwich hour angle of the mean sun and is denoted by GMT. This scale 
may differ from the broadcast time signals by an amount which, if ignored, will intro- 
duce an error of up to 0/2 in longitude determined from astronomical observations. 
The difference arises because the time argument depends on the variable rate of rotation 
of the earth while the broadcast time signals are now based on an atomic time-scale. 
Step adjustments of exactly one second are made to the time signals as required (pri- 
marily at 24" on December 31 and June 30) so that the difference between the time 
signals and GMT, as used in the almanacs, may not exceed 0°9. Those who require to 
reduce observations to a precision of better than 1° must therefore obtain the correction 
to the time signals from coding in the signal, or from other sources. The correction may 
be applied to each of the times of observation. Alternatively, the longitude, when 
determined from astronomical observations, may be corrected by the corresponding 
amount shown in the following table: 


Correction to time signals Correction to longitude 
—0°7 to —0°9 0/2 to east 
—0°6 to —0%3 0/1 to east 
—0*2 to +0%2 no correction 
+053 to +056 0/1 to west 
+087 to +089 0/2 to west 


The main contents of the almanacs consist of data from which the Greenwich 
hour angle (GHA) and the declination (Dec.) of all the bodies used for navigation 
can be obtained for any instant of Greenwich mean time (GMT). The local hour 
angle (LHA) can then be obtained by means of the formula: 


— west 
LHA=GHA longitude. 
+ east 


For the sun, moon, and the four navigational planets, the GHA and declination 
are tabulated directly in the Nautical Almanac for each hour of GMT throughout the 
year;in the Air Almanac, the values are tabulated for each whole 10" of GMT. For the 
stars the sidereal hour angle (SHA) is given, and the GHA is obtained from: 


GHA Star=GHA Aries+SHA Star. 


The SHA and declination of the stars change slowly and may be regarded as con- 
stant over periods of several days or even months if lesser accuracy is required. The 
SHA and declination of stars tabulated in the Air Almanac may be considered constant 
to a precision of 1’ for the period covered by each of the three volumes providing the 
data for a whole year. Should the Air Almanac be published in two volumes, the SHA 
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and declination of stars tabulated in each volume could be considered constant to a 
precision of 1/5 to 2’, with most data being closer to the smaller value. GHA Aries, or 
the Greenwich hour angle of the first point of Aries (the vernal equinox), is tabulated 
for each hour of GMT in the Nautical Almanac and for each whole 10” of GMT in the 
Air Almanac. Permanent tables give the appropriate increments to the tabulated values 
of GHA and declination for the minutes and seconds of GMT. 

In the Nautical Almanac, the permanent table for increments also includes correc- 
tions for v, the difference between the actual change of GHA in one hour and a constant 
value used in the interpolation tables and d, the change in-declination in one hour. 

In the Nautical Almanac, v is always positive unless a negative sign (—) is given. 
This can occur only in the case of Venus. For the sun, the tabulated values of GHA 
have been adjusted to reduce to a minimum the error caused by treating v as negligible; 
there is no v tabulated for the sun. 

No sign is given for tabulated values of d, which is positive if declination is in- 
creasing, and negative if it is decreasing. The sign of a v or d value is given also to the 
related correction. 

In the Air Almanac, the tabular values of the GHA of the moon are adjusted so 
that use of an interpolation table based on a fixed rate of change gives rise to negligible 
error; no such adjustment is necessary for the sun and planets. The tabulated declination 
values, except for the sun, are those for the middle of the interval between the time 
indicated and the next following time for which a value is given, making interpolation 
unnecessary. Thus, it is always important to take out the GHA and declination for the 
tabular GMT immediately before the time of observation. 

In the Air Almanac, GHA Aries and the GHA and declination of the sun are tabu- 
lated to a precision of 0/1. If these values are extracted with the tabular precision, the 
“Interpolation of GHA”’ table on the inside front cover (and flap) should not be used; 
use the “Interpolation of GHA Sun” and “Interpolation of GHA Aries” tables, as 
appropriate. These tables for interpolation to a precision of 0/1 just precede the Polaris 
Table. 

The instructions in the explanation of each volume to ignore the decimal in smaller 
type when extracting GHA Aries and GHA and declination of the sun to a precision of 
1’ instead of rounding-off in the normal way are intended for the air navigator. 

702. Finding GHA and declination of the sun.—Nautical Almanac. Enter the 
daily-page table with the whole hour next preceding the given GMT, unless this time 
is itself a whole hour, and take out the tabulated GHA and declination. Record, also, 
the d value given at the bottom of the declination column. Next, enter the increments 
and corrections table for the number of minutes of GMT. If there are seconds, use 
the next earlier whole minute. On the line corresponding to the seconds of GMT take 
the value from the sun-planets column. Add this to the value of GHA from the daily 
page to find GHA at the given time. Next, enter the correction table for the same 
minute with the d value, and take out the correction. Give this the sign of the d value, 
and apply it to the declination from the daily page. The result is the declination at 
the given time. 

Example 1.—Find the GHA and declination of the sun at GMT 18°24™37° on 
June 1, 1975, using the Nautical Almanac. 


Solution.— 
Sun Sun 
GMT 518824375. June, | GMT 18°24™37° June 1 
18" 9023473 18" 22°02'5N d(+)0/3 
24378 6°09/3 d corr. (+)0/1 


GHA 96°43'6 Dec. 22°02'6N 
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The correction table for GHA of the sun is based upon a rate of change of 15° 
per hour, the average rate during a year. At most times the rate differs slightly from 
this. The slight error thus introduced is minimized by adjustment of the tabular values. 

The d value is the amount that the declination changes between 1200 and 1300 on 
the middle day of the three shown. 

Air Almanac. Enter the daily page with the whole 10™ next preceding the given 
GMT, unless the time is itself a whole 10™, and extract the tabulated GHA. The 
declination is extracted, without interpolation, from the same line as the tabulated 
GHA or, in the case of planets, the top line of the block of six. If the values extracted 
are rounded to the nearest minute, next enter the ‘Interpolation of GHA” table on the 
inside front cover (and flap), using the ‘Sun, etc.”’ entry column, and take out the 
value for the remaining minutes and seconds of GMT. If the entry time is an exact 
tabulated value, use the correction given half a line above the entry time. Add this 
correction to the GHA taken from the daily page to find the GHA at the given time. No 
adjustment of declination is needed. If the values are extracted with a precision of 0/1, 
the table for interpolating the GHA of the sun to a precision of 0/1 must be used. No 
adjustment of declination is needed. 

Example 2.—Find the GHA and declination of the sun at GMT 18°24™37° on 
June 1, 1975, using the Air Almanac. 


Solution.— 
Sun Sun 
GMT 18"24"37* June 1 GMT 18247378 June 1 
18°20" 95°34’ 1S=20% 95°34 /3 
Ayesirfe 1°09’ Boole 1-093 
GHA 96°43’ GHA 96°43 ‘6 
Dec. 22°03’N Dec. 22°02/6N 


703. Finding GHA and declination of the moon.—Nautical Almanac. Enter the 
daily-page table with the whole hour next preceding the given GMT, unless this time 
is itself a whole hour, and take out the tabulated GHA and declination. Record, also, 
the corresponding » and d values tabulated on the same line, and determine the sign 
of the d value. The » value of the moon is always positive (+), and is not marked in 
the almanac. Next, enter the increments and corrections table for the minutes of GMT, 
and on the line for the seconds of GMT take the GHA correction from the moon 
column. Then, enter the correction table for the same minute with the v value, and 
extract the correction. Add both of these corrections to the GHA from the daily page 
to obtain the GHA at the given time. Then, enter the same correction table with the 
d value, and extract the correction. Give this correction the sign of the d value, and 
apply it to the declination from the daily page to find the declination at the given time. 

Example 1.—Find the GHA and declination of the moon at GMT 21525™44® on 
June 1, 1975, using the Nautical Almanac. 


Solution.— 
Moon Moon 
GMT 21525™44* June 1 GMT 21°25™44* June 1 
UL Pda eo 21" 3°06/8S d(—)10‘7 
25744" 6°08/4 » (+)15/8 d corr. (—)4/5 
vcorr. (+)6/7 Dec. 3°02/3S 


GHA 231°43/2 


The correction table for GHA of the moon is based upon the minimum rate at 
which the moon’s GHA increases, 14°19/0 per hour. The » correction makes the ad- 
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justment for the actual rate. The v value itself is the difference between the minimum 
rate and the actual rate during the hour following the tabulated time. The d value is 
the amount that the declination changes during the hour following the tabulated time. 
Air Almanac. Enter the daily page with the whole 10™ next preceding the given 
GMT, unless this time is itself a whole 10", and take out the tabulated GHA and the 
declination, without interpolation. Next, enter the ‘Interpolation of GHA” table on 
the inside front cover, using the ‘“‘moon” entry column, and take out the value for the 
remaining minutes and seconds of GMT. If the entry time is an exact tabulated value, 
use the correction given half a line above the entry time. Add this correction to the 
GHA taken from the daily page to find the GHA at the given time. No adjustment of 
declination is needed. 
Example 2.—¥ind the GHA and declination of the moon at GMT 21525™44° 
on June 1, 1975, using the Air Almanac. 
Solution.— 
Moon 
GMT 21°25™44° June 1 
21°20™ *°230°20' 
5™44$ 1°23’ 
GHA = _231°43’ 
Dec. 3°02’S 


The declination given in the table is correct for the time five minutes later than 
tabulated, so that it can be used for the ten-minute interval without interpolation, to an 
accuracy to meet most requirements. If greater accuracy is needed, it can be obtained 
by interpolation, remembering to allow for the five minutes indicated above. 

704, Finding GHA and declination of a planet.—Nawutical Almanac. Enter the 
daily-page table with the whole hour next preceding the given GMT, unless the time 
itself is a whole hour, and take out the tabulated GHA and declination. Record, also, 
the v value given at the bottom of each of these columns. Next, enter the increments 
and corrections table for the minutes of GMT, and on the line for the seconds of GMT 
take the GHA correction from the sun-planets column. Next, enter the correction 
table with the v value and extract the correction, giving it the sign of the v value. Add 
the first correction to the GHA from the daily page, and apply the second correction 
in accordance with its sign, to obtain the GHA at the given time. Then, enter the 
correction table for the same minute with the d value, and extract the correction. 
Give this correction the sign of the d value, and apply it to the declination from the 
daily page to find the declination at the given time. 

Example 1.—Find the GHA and declination of Venus at GMT 55247078 on June 2, 
1975, using the Nautical Almanac. 


Solution.— 
Venus Venus 
GMT 5°24707* June 2 GMT 55247078 June 2 
5» 206°59/4 5 23°30/8N d (—)0/5 
24707° = 6°01'8 » (—)0%4 dcorr. (—)0‘2 
v corr. (—)0‘2 Dec. 23°30'6N 


GHA 213°01/0 


The correction table for GHA of planets is based upon the mean rate of the sun, 
15° per hour. The v value is the difference between 15° and the change of GHA of 
the planet between 1200 and 1300 on the middle day of the three shown. The d value 
is the amount that the declination changes between 1200 and 1300 on the middle day. 
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Venus is the only body listed which ever has a negative v value. 


Air Almanac. Enter the daily page with the whole 10™ next preceding the given 
GMT, unless this time is itself a whole 10™, and extract the tabulated GHA and declina- 
tion, without interpolation. The tabulated declination is correct for the time 30" later 
than tabulated, so that interpolation during the hour following tabulation is not needed 
for most purposes. Next, enter the ‘Interpolation of GHA” table on the inside front 
cover, using the “‘sun, etc.’’ column, and take out the value for the remaining minutes 
and seconds of GMT. If the entry time is an exact tabulated value, use the correction 
half a line above the entry time. Add this correction to the GHA from the daily page 
to find the GHA at the given time. No adjustment of declination is needed. 

Example 2.—Find the GHA and declination of Venus at GMT 5'48™45° on June 2, 
1975, using the Air Almanac. 

Solution.— 

Venus 
GMT 5°48™458 June 2 
5°40" 216°59’ 
8™45° ake 
GHA = 219°10’ 
Dec. 23°31'N 


The declination is taken for the next earlier tabulated time, and is correct for 
GMT 5°45". 

705. Finding GHA and declination of a star.—If the GHA and declination of 
each navigational star were tabulated separately, the almanacs would be several times 
their present size. But since the sidereal hour angle (art. 501) and the declination are 
nearly constant over several days (to the nearest 0/1) or months (to the nearest 1’), 
separate tabulations are not needed. Instead, the GHA of the first point of Aries, 
from which SHA is measured, is tabulated on the daily pages, and a single listing of 
SHA and declination is given for each double page of the Nautical Almanac, and for an 
entire volume of the Air Almanac. The finding of GHAY is similar to finding GHA 
of the sun, moon, and planets. 

Nautical Almanac. Enter the daily-page table with the whole hour next preceding 
the given GMT, unless this time is itself a whole hour, and take out the tabulated 
GHAY. Record, also, the tabulated SHA and declination of the star from the listing 
on the left-hand daily page. Next, enter the increments and corrections table for the 
minutes of GMT, and on the line for the seconds of GMT take the GHA correction 
from the Aries column. Add this correction and the SHA of the star to the GHAT of 
the daily page to find the GHA of the star at the given time. No adjustment of 
declination is needed. 

Ezample 1.—¥Find the GHA and declination of Canopus at GMT 3°24™33° on 
June 2, 1975, using the Nawtical Almanac. 

Solution.— 

Canopus 
GMT 3°24™33* June 2 
3" 294°58/0 
24™33° 6°09'3 
SHA 264°09‘3 
GHA 205°16'6 
Dec. 52°41'1S 
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The SHA and declination of 173 stars, including Polaris and the 57 listed on the 
daily pages, are given for the middle of each month, on almanac pages 268-273. For 
a star not listed on the daily pages this is the only almanac source of this information. 
Interpolation in this table is not necessary for ordinary purposes of navigation, but is 
sometimes needed for precise results. Thus, if the SHA and declination of 8 Crucis 
(Mimosa) are desired for March 1, 1975, they are found by simple eye interpolation to 
be SHA 168°25/2 and Dec. 59°33/2S. 

If GHA is desired, it is found as indicated in example 1, but omitting the addition 
of SHA of a star. In the example GHA T is 294°58'0+6°09‘'3=301°07'3. 

Air Almanac. Enter the daily page with the whole 10™ next preceding the given 
GMT, unless this is itself a whole 10™, and extract the tabulated GHATY. Next, 
enter the ‘Interpolation of GHA” table on the inside front cover, using the “sun, etc.” 
entry column, and take out the value for the remaining minutes and seconds of GMT. 
If the entry time is an exact tabulated value, use the correction given half a line above 
the entry time. From the tabulation at the left side of the same page, extract the 
SHA and declination of the star. Add the GHA from the daily page and the two 
values taken from the inside front cover to find the GHA at the given time. No adjust- 
ment of declination is needed. 

Example 2.—¥Find the GHA and declination of Peacock at GMT 12"17™58° on 
June 1, 1975, using the Air Almanac. 

Solution.— 

Peacock 
GMT 12°17™58* June 1 
12710™ TE52E 
7™58° 2°00’ 
SHA = 54°03’ 
GHA 127°55’ 
Dec. 56°49’S 


The Undivided Astronomical Triangle 
706. Solving for altitude.—The law of cosines for sides is a fundamental formula 


for solving a spherical triangle. As applied to the spherical triangle of figure 706a, the 
law is stated as: 


cos a = cos bcosc + sinbsinc cos A (1a) 
cos b = cosc cosa + sinc sin a cos B (1b) 
cos c = cos a cos b + sin a sin b cos C. (1c) 
C 
b da 
A c B 
Figure 706a.—Spherical Figure 706b.— Undivided’ 
triangle. astronomical triangle. 


As applied to the undivided astronomical triangle of figure 706b, equation 1a is 
stated as: 


cos(90°—h) = cos(90°—L)cos(90°—d) +sin (90° —L)sin(90°—d)cos LHA 
..sin h = sin L sind + cos L cos d cos LHA, (2a) 
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in which h is the altitude of the celestial body above the celestial horizon, L is the 
latitude of the observer or the assumed position of the observer, d is the declination 
of the body, and LHA is the local hour angle of the body. Meridian angle, t, can be 
substituted for LHA in the equation, i.e., 


sinh = sin L sind + cos L cos d cos t. (2b) 


For both same and contrary name cases, the sine and cosine functions of latitude 
are positive. In the contrary name case, declination is considered as a negative angle. 
In this case the sine function of declination is negative and the cosine function is positive. 

For both same and contrary name cases, the cosine function of the local hour angie 
is positive when it is in the range 0° increasing to 90°, or 270° increasing to 360°, i.e., 
the cosine function of the angle is positive when the LHA corresponds to a meridian 
angle of 90° or less. When the LHA is in the range greater than 90° and increasing to 
270°, the cosine function of the angle is negative, i.e., the cosine function of LHA is 
negative when LHA corresponds to a meridian angle greater than 90°. 

The rules for the following cases can also be used in the solution of equations 
2a and 2b: 

Case I (t<.90° and Same Name). 


If LHA is in the range 0° increasing to 90°, or 270° increasing to 360° and the 
latitude is same name as declination, the two terms on the right-hand side of the 
equation are added. The body is above the celestial horizon. 


Case II (t<.90° and Contrary Name). 


If LHA is in the range 0° increasing to 90°, or 270° increasing to 360° and the 
latitude is of contrary name, the lesser quantity is subtracted from the greater on the 
right-hand side of the equation. The body can be above or below the celestial horizon. 


Case III (t >90° and Same Name). 


If LHA is in the range greater than 90° and increasing to 270° and the latitude 
is same name as declination, the lesser quantity is subtracted from the greater on the 
right-hand side of the equation. The body can be above or below the celestial horizon. 


Case IV (t >90° and Contrary Name). 


If LHA is in the range greater than 90° and increasing to 270° and the latitud® 
is of contrary name, the two quantities on the right-hand side of the equation ar® 
added. The body is below the celestial horizon. 

Astronomical triangles corresponding to the four cases are drawn on diagrams on 
the plane of the celestial meridian in figure 706c. 

Example 1.—The latitude of the observer is 45°00/0N; the declination of the 
celestial body is 5°00‘0N; the local hour angle is 60°. 

Required.—Altitude of the body. 

Solution.—By natural functions (table 31). 


sin h=sin L sin d + cos L cos d cos LHA (2a) 
=sin 45° sin 5° + cos 45° cos 5° cos 60° 
=(+0.70711)(+0.08716) + (+0.70711)(+0.99619) (+0.50000 ) 
= +0.06163 + 0.35221 (Case I) 
= +0.41384 
h=24°96/8 
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4N) 


It. 24°26'8 


S CELESTIAL HORIZON 


PRIME VERTICAL 
PRIME VERTICAL 


Xs) Xs) 


Lat. 45°N (Same Name) Lat. 45°N (Contrary Name) 
Dec. 5°N Dec. 5°S 
LHA 60° LHA 60° 


70° 


PRIME VERTICAL 


PRIME VERTICAL 


CELESTIAL HORIZON 


CELESTIAL HORIZON 


CASE III 70 70 CASE IV 
Zin) ZN) 
Lat. 45°S (Same Name) Lat 45°S (Contrary Name) 
Dec. 5°S Dec. 5°N 
LHA 240° (t 120°E) LHA 240° (t 120° E) 


Ficgure 706c.—Diagrams on the plane of the celestial meridian. 


Example 2.—The latitude of the observer is 45°00‘0N; the declination of the 
celestial body is 5°00/0S; the local hour angle is 60°. 
Required.—Altitude of the body. 


Solution.—By natural functions (table 31). 


sin h=sin L sin d + cos L cos d cos LHA (2a) 
=sin 45° sin —5° + cos 45° cos —5° cos 60° 
= (+0.70711)(—0.08716) + (+0.70711)(+0.99619) (+0.50000) 
=—0.06163 + 0.35221 (Case IT) 
= -+0.29058 
h=16°53/6 
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Example 3.—The latitude of the observer is 45°00/0S; the declination of the 
celestial body is 5°00/0S; the local hour angle is 240°. 

Required.—Altitude of the body. 

Solution.—By natural functions (table 31). 


sin h=sin L sin d + cos L cos d cos LHA (2a) 
=sin 45° sin 5° + cos 45° cos 5° cos 240° 
= (+0.70711)(+0.08716) + (+0.70711)(+0.99619) (—0.50000) 
=-+0.06163 — 0.85221 (Case ITT) 
= — 0.29058 
h=—16°53/6 


Example 4.—The latitude of the observer is 45°00‘0S; the declination of the celes- 
tial body is 5°00/0N ; the local hour angle is 240°. 

Required.—Altitude of the body. 

Solution.—By natural functions (table 31). 


sin h=sin L sin d+cos L cos d cos LHA (2a) 
=sin 45° sin—5°+cos 45° cos—5° cos 240° 
= (+0.70711) (—0.08716) + (+0.70711) (+0.99619) (—0.50000) 
= — 0.06163 —0.35221 (Case IV) 
= —0.41384 
h= —24°26’8 


Example 5.—The latitude of the observer is 30°25'0N; the declination of the 
celestial body is 22°06/2N; the meridian angle is 39°54/7W. 

Required.—Altitude of the body. 

Solution.—By natural and logarithmic functions (tables 31-38). 


sin h =sin L sin d+cos L cos d cos t (2b) 
=sin 30°25/0 sin 22°06/2+cos 30°25/0 cos 22°06/2 cos 39°54!7 
= (0.50628) (0.37628) + (0.86237) (0.92651) (0.76703) 
= +0.19050+0.61285 (Case I) 
= +0.80335 
hee 27 


For logarithmic solution by tables 32 and 33, the following modification is used: 


A=sin L sin d B=cos L cos d cos t 
sin h=A+B 
log A=/ sin 30°25'0+/ sin 22°06 ‘2 
log B=/ cos 30°25‘0+/ cos 22°06'2+/ cos 39°54!'7 
log A=9.70439+9.57551 log B=9.93569+9.96685 +-9.88481 


=9.27990 =9.78735 
A=0.19050 (table 32) B=0.61284 (table 32) 
sin h=A+B 
=0.19050+0.61284 (Case I) 
=0.80334 
h=53°27-0 


Example 6.—The latitude of the observer is 30°25‘/0N; the declination of the 
celestial body is 22°06/2S; the meridian angle is 39°54 ‘7W. 
Required.—Altitude of the body. 
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Solution.—By natural and logarithmic functions (tables 31-33). 


sin h=sin L sin d+ cos L cos d cos t (2b) 
=sin 30°25/0 sin —22°06/2-+cos 30°25/0 cos —22°06'2 cos 39°54/7 
= (0.50628) (—0.37628) + (0.86237) (0.92651) (0.76703) 
=—0.19050+0.61285 (Case IT) 
= + 0.42235 
h=24°59/0 


For logarithmic solution by tables 32 and 33, 


A=sin L sin d B=cos L cos d cos t 
sin h=A~B 
log A=/ sin 30°25/0-+/ sin 22°06 '2, 
log B=/ cos 30°25/0+/ cos 22°06‘/2+/ cos 39°54 ‘7 
log A=9.70439+9.57551 log B=9.93569+9.96685 +9.88481 


= 9.27990 =9.78735 
A=0.19050 (table 32) B=0.61284 (table 32) 
sin h=A~B 
——0.19050+0.61284 (Case IT) 
= +0.42234 
h=24°59/0 


Example 7.—The latitude of the observer is 30°25/0S; the declination of the 
celestial body is 22°06‘2S; the meridian angle is 91°20‘0W. 

Required.—Altitude of the body. 

Solution.—By natural and logarithmic functions (tables 31-33). 


sin h=sin L sin d+cos L cos d cos t (2b) 
=sin 30°25/0 sin 22°06/2+cos 30°25/0 cos 22°06/2 cos 91°20/0 
= (0.50628) (0.37628) + (0.86237) (0.92651) (—0.02327) 
= +0.19050—0.01859 (Case III) 
=+0.17191 
h=9°53/9 


For logarithmic solution by tables 32 and 33, 


A=sin L sin d B=cos L cos d cos t 
sin h=A~B 
log A=/ sin 30°25/0+/ sin 22°06 /2 
log B=/ cos 30°25/0+/ cos 22°06/2+/ cos 91°20'0 
log A=9.70439+9.57551 log B=9.93569+9.96685 + 8.36678 


=9.27990 =8.26932 
A=0.19050 (table 32) B=0.01859 (table 32) 
sin h=A~B 
=0.19050—0.01859 (Case III) 
==0317191 
h=9°53/9 


Example 8.—The latitude of the observer is 30°25/0S; the declination of the 
celestial body is 22°06‘2N; the meridian angle is 91°20/0W. 


Required.—Altitude of the body. 
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Solution.—By natural and logarithmic functions (tables 31-33). 


sin h=sin L sin d+cos L cos d cos t (2b) 
=sin 30°25/0 sin —22°06/2+-cos 30°25/0 cos —22°06'2 cos 91°20/0 
= (0.50628) (—0.37628) + (0.86237) (0.92651) (—0.02327) 
=—0.19050 —0.01859 (Case IV) 
= — 0.20909 
h=—12°04/1 


For logarithmic solution by tables 32 and 33, 


A=sin L sind B=cos L cos d cos t 
sin h=A+B 
log A=/ sin 30°25/0+/ sin 22°06/2 
log B=1 cos 30°25/0+/ cos 22°06/2+/ cos 91°20/0 
log A=9.70439+9.57551 log B=9.93569+9.96685+8.36678 


=9.27990 = 8.26932 
A=0.19050 (table 32) B=0.01859 (table 32) 
sin h=A+B 
=0.19050+0.01859 (Case IV) 
=0.20909 
h=—12°04/1 


Note: When the meridian angle is greater than 90° and the latitude and declination 
are of contrary name, the body lies below the celestial horizon. 


707. Solving for azimuth.—The relations between the parts of a spherical triangle 
as shown in figure 707a are given in the following equations known as the five parts 


formulas: 


sin a cos B=cos b sin c—sin b cos c cos A (3a) 
sin b cos C=cos ¢ sin a—sin ¢ cos a cos B (3b) 
sin c cos A~cos a sin b—sin a cos b cos C. (3c) 


Also by the law of sines: 
sin a_sin b_ sin c 
sn A sinB sin C 
Substituting the value of sin a as obtained from the law of sines in equation 3a: 
sin A sin b 


sin B 
sin A cot B=sin c cot b—cos c cos A. 


sin a= 


(90°-L) 


A b @ (90°-d) 


Figure 707b.—Undivided astro- 


Figure 707a.—Spherical triangle. 
nomical triangle. 
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As applied to the undivided astronomical triangle of figure 707b, the above equa- 
tion is stated as: 


sin LHA cot Z=cos L tan d—sin L cos LHA 
from which 
__cos L tan d—sin L cos LHA 


cot Z sin LHA 
rye sin LHA : 
aD: “=~ cos Ly tan dain Dy cos LEA 
Substituting “™§ for tan d, 
cos d sin LHA 
tan ATs sind ei tds imtoa LA” (4) 


Meridian angle, t, can be substituted for LHA in equation 4: 


cos d sin t 


ep fe L sin d—sin L cos d cos t 


(5) 

The sign rules as given for equations 2a and 2b are applicable. In addition, the 
sine function of LHA is positive when LHA is less than 180° and negative when LHA 
is greater than 180°. If LHA is less than 180° and the computed value of tan Z is nega- 
tive, subtract the acute angle corresponding to this function from 180° to determine 
the value of the azimuth angle; if tan Z is positive, the acute angle is the azimuth angle. 
If LHA is greater than 180° and the computed value of tan Z is positive, subtract the 
acute angle corresponding to this function from 180° to determine the value of the 
azimuth angle; if tan Z is negative, the acute angle is the azimuth angle. 

Azimuth angle is measured from 0° at the north or south reference direction 
clockwise or counter-clockwise through 180°. It is labeled with the reference direction 
as the prefix and the direction of measurement from the reference direction as a suffix. 
Thus, azimuth angle S144°W is 144° west of south, or true azimuth 324°. Azimuth 
angle is labeled N or S to agree with the latitude and E or W to agree with the meridian 
angle (labeled E when LHA is greater than 180°). 

Azimuth angle can also be converted to true azimuth, Zn, through use of the follow- 
ing rules: 


Wepay (IDEAy greater than (180°s. 46 2222 sc es. dessa Zn=Z 
; (LEA Jess than 180° 622s. S ee Zn=360° —Z 
Se Her greater than) 807. usp et 2 eee 7i—180 —Z 
Wingy, MLE Adless thany 8023 ts 5 ase eee ve Zn=180°+Z. 


708. Time azimuth.—The time azimuth or azimuth angle is computed using the 
LHA or meridian angle (a function of time), latitude, and declination as the known 
quantities. Solution can be made using equations 4 or 5. 


Example 1.—The latitude of the observer is 30°25/0N; the declination of the 
celestial body is 22°06‘2N; the meridian angle is 39°54‘7W. 
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Required.—Azimuth of the body. 
Solution.—By equation 5. 


cos d sin t (5) 
cos L sin d~sin L cos d cos t 
- cos 22°06'2 sin 39°54°7 
~ cos 30°25/0 sin 22°06/2—sin 30°25/0 cos 22°06/2 cos 39°54/7 


= (+0.92651) (+0.64161) 
~ (+0.86237) (+0.37628) — (+0.50628) (+0.92651) (+0.76703) 


fey tt 0.59446 0.59446 _ 
~ 0.32449—0.35979 —0.03530 — 


tan Z= 


—16.84023. 


Since the LHA is less than 180° and the computed value of tan Z is negative, the 
acute angle (86°6) corresponding to the function is subtracted from 180° to obtain the 
azimuth angle: 

Z= 180° —86°6=N93°4W 
Zn =266°6. 


Example 2.—The latitude of the observer is 30°25/0S; the declination of the 
celestial body is 22°06/2N; the meridian angle is 39°54/7W. 
Required.—Azimuth of the body. 


Solution —By equation 5. 
cos d sin t (5) 
cos L sin d—sin L cos d cos t 
PA cos— 22°06‘2 sin 39°54°7 
~ cos 30°25/0 sin — 22°06 / 2 —sin 30°25 /0 cos—22°06/2 cos 39°54 /7 
= (+0.92651) (+0.64161) 
~ (+0.86237) (—0.37628) — (+0.50628) (+0.92651) (+0.76703) 


+0.59446 _ +0.59446 _ 
—0.32449—0.35979 —0.68428 


tan A= 


tan Z= — 0.86874. 


Since the LHA is less than 180° and the computed value of tan Z is negative, the 
acute angle (41°0) corresponding to the function is subtracted from 180° to obtain the 
azimuth angle: 

Z=180°—41°0=S139°0W 
Zn=319°0. 


709. Altitude azimuth.—The altitude azimuth is the azimuth or azimuth angle 
computed using altitude, latitude, and declination (or polar distance) as the known 
quantities. 


By the law of cosines for sides, 
cos b=cos ¢ cos a+sin c sin a cos B. (1b) 
As applied to the astronomical triangle of figure 707b, equation 1b is stated as: 


cos(90°—d) =cos(90°—L) cos(90° —h) +sin(90°—L) sin(90°—h)cos Z 
sin d=sin L sin h+cos L cos h cos Z 
7— sin d—sin L sinh (6) 


cos 
cos L cosh 
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Ezxample.—The latitude of the observer is 30°00‘0N; the center of the sun is on 
the visible horizon; the declination of the sun is 18°00‘0N. 

Required.—Azimuth angle of the sun. 

Solution.—By equation 6. 

Computation for azimuth angle is made for an altitude of (—)0°41/4, determined 
as follows: 


Dip at 41 feet height of eye (—) 6/2 
Refraction at (—)6‘2 altitude (—) 35/3 
Parallax Cen 
(—) 41! 
Re 7— in d—sin L sin h_ sin 18°—sin 30° sin (—)0°41/4 (6) 
4 ~  gosLeosh  ___ cos 80° cos (—)0°41/4 
__ (0.80902) — (0.50000) (—0.01204) _ +0.31504 — 
7 (0.86603) (0.99993) +0.86597 — agp ED 
Z=68°40/0. 


710. Time and altitude azimuth.—The time and altitude azimuth or azimuth 
angle is computed using meridian angle, declination, and altitude as the known quanti- 
ties. The most common formula is derived from the law of sines. 

By the law of sines, the relationship between the angles and sides opposite of the 
spherical triangle shown in figure 706a is: 


sin b_ sin a (3d) 
sin B sin A 
As applied to the astronomical triangle of figure 707b, equation 3d is stated as: 


sin (90°—d)_ sin (90°—h) 
sin Z = sin t 


sin Z cos h=sin t cos d 
sin Z=sin t cos d sec h. (i) 


The weakness of this method is that it does not indicate whether the celestial body 
is north or south of the prime vertical. Usually there is no question on this point, but 
if Z is near 90°, the quadrant may be in doubt. If this occurs, the meridian angle or 
altitude when on the prime vertical can be determined from table 25 (for declinations 
less than 23°) or by computation (art. 721), using the formula: 


cos t=tan d cot L (14c) 
or 
sin h=sin d esc L. (14d) 


Ezample.—The latitude of the observer is 30°25/0N; the declination of the celestial 
body is 22°06/2N; the altitude of the body is 53°27/0; and the meridian angle is 
39°54‘°7W. 

Required.—Azimuth of the body. 

Solution.—By equation 7. 


sin Z=sin t cos d sec h (7) 
=sin 39°54'7 cos 22°06 /2 sec 53°27 /0 
= (+0.64161) (+0.92651) (+1.67919) 
= 0.99821 
Z=86°6 or 93°4 ? 
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By logarithmic solution, 


lsin Z=l sin t+l cos d+/ sec h 
=/ sin 39°54/7+/ cos 22°06/2+1 sec 53°27/0 
=9.80726+9.96685+10.22510 
=9.99921 
Z=86°6 or 93°4 ? 


If the altitude is Jess, or the meridian angle is greater than the value when the 
body is on the prime vertical, the numerical value of the azimuth angle is the lesser of 
the two angles. If the altitude is greater or the meridian angle is less when on the 
prime vertical, the numerical value of the azimuth angle is the greater of the two angles. 

Entering table 25 with latitude 30°25’ and declination 22°06/2 (same name as 
latitude) as arguments, the meridian angle and altitude of the body when on the prime 
vertical are determined as: 

t=46°1, h=48°91. 


Since the altitude is greater than the value when the body is on the prime vertical, 
the numerical value of the azimuth angle is the greater of the two quantities, i.e., the 
azimuth angle is N93°4W;; Zn is 266°6. 


711. Haversine formulas.—In the foregoing altitude and azimuth angle solutions, 
it has been necessary to consider the signs of the various trigonometric functions. This 
inconvenience can be avoided through the use of natural and log haversine functions, 
as given in table 34, because the haversine of an angle is positive whether the angle 
is positive or negative. The value increases from 0° to 180° and decreases from 180° 
to 360°. Since by convention only angles and sides up to 180° are considered, ambiguities 
are avoided. 

By definition, 


haversine A=hav A=5 ver A=; (1—cos A)=sin? 5 A 


and 


haversine a=hav a=5 ver a=5 (1—cos a)=sin? 5 a: 


Substituting cos A=1-2 hav A and cos a= 1-2 hav a in the fundamental cosine formula: 


cos a=cos b cos c+sin b sin c cos A (1a) 
1-2 hav a=cos b cos c+sin b sin c (1-2 hav A) 
=cos b cos c+sin b sin c—2 sin b sin c hav A. 


Since cos b cos c+sin b sin c=cos (b—c) and cos (b—c) =1—2 hav (b—c), 


1—2 hav a=1—2 hav (b—c)—2 sin b sinc hav A 
hav a=hay (b—c)-+sin b sin c hav A. 


Since the haversine is always positive, the value of hav(b—c) is positive irrespective 
of the values assigned to b and c. Therefore, (b—c) may be simplified by writing it as 
(b~c), the difference of b and c. Thus, 

hav a=hav(b~c)-+sin b sin c hav A. (8a) 
Similarly, it can be shown that: 


hav b=hav(a~c)-+sin a sin c hav B 
hav c=hav(a~b)-+sin a sin b hav C. 
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712. Altitude by cosine-haversine formula.—The haversine formula for altitude 
as derived from the fundamental cosine formula is known as the cosine-haversine 
formula. 

Substituting the parts of the astronomical triangle of figure 707b in equation 8a, 
side a is the zenith distance; side b is the polar distance; side c is the colatitude; and 
angle A is the meridian angle, t. 


hav a=hav (b~c)+sin b sin c hav A (8a) 
hav z=hav [(90°—d)~(90°—L)]+sin (90°—d) sin (90°—L) hav t 
hav z=hav (L~d)-+cos d cos L hay t. (8b) 


Equation 8b is sometimes written 
hav z=hav (L~d)+hav @, (8c) 


in which hav 6 = cos d cos L hav t. 
Equation 8b can also be written entirely in haversines: 


hav z=hav (d—L)+hav t [hav (180°—L—d) —hav (d—L)]. (8d) 
In equation 8d the sign of d is reversed if L and d are of contrary name. 
Example.—The latitude of the observer is 30°25/0S; the declination of the celestial 
body is 22°06'2N; and the meridian angle is 91°20‘0W. 


Required.—Altitude of the body. 
Solution.—By equation 8c and tables 33 and 34. 


t 91°20/0 W Lhav 9.70896 

L 30°25/0S Lcos 9.93569 

d 22°06'2 N Lcos 9.96685 

6 Lhav 9.61150 n hav 0.40879 
L~d 52a 2 nmhav 0.19575 
Wh, 102°04/1 nhav 0.60454 
h —12°04/1 


713. Azimuth by haversines.—The haversine formulas as transposed for convenience 
in the solutions of the three angles are known as the cosecant formulas. 


hav A=[hav a—hav(b~c)] ese b esc c (9a) 
hav B=[hav b—hav(a~c)] csc a ese c (9b) 
hav C=[hav c—hav(a~b)] csc a esc b. (9c) 


As applied to the astronomical triangle of figure 707b, B is the azimuth angle; 
side a is the coaltitude; side b is the polar distance; and side c is the colatitude. Equation 
9b is rewritten as: 


hav Z=|hav p—hav(z~coL)] csc z ese col. (9d) 


Another haversine formula for azimuth angle is derived from the following formula 
of trigonometry: 
sin (s—c) sin (s—a) 

sin ¢ sin a 


aes el! 
2 
sin 5 B= 


in which s is one-half the sum of the three sides of the spherical triangle. As applied to 
the astronomical triangle of figure 707b, B is the azimuth angle Z; side a is the coaltitude; 
side b is the polar distance; and side c is the colatitude. 
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Pe coaltitude+polar distance+colatitude 
2 


Dge° hap (00° SL) ees Jp 
= 2 oe -(A=?) 


s—e=90°—[ ELK P | (ope) PG) 


s—axgor—[ ESP | (902) PE) 


Thus, 


Substituting in the basic equation, 
sin? 5 Z=hav Z=sin Pa] sin [Peo] sec L sec h. 


The formula for azimuth angle can also be stated as: 


hav Z=sin(S—L) sin(S—h) sec h sec L, (10b) 


(10a) 


fewhich S=3(h+L+p) and S—h=3(L-+p—h). 


714. Altitude azimuth by haversines.—The altitude azimuth solution can be made 
by equation 10b: 
hav Z=sin (S—L) sin (S—h) sec h sec L, (10b) 
in which 
1 
S=; (h+L+p). 


Example——The latitude of the observer is 30°25‘0N; the declination of the 
celestial body is 22°06 ‘2N (polar distance 67°53 ‘8) ; the altitude of the body is 53°27/0. 

Required.—Azimuth of the body. 

Solution.—By equation 10b. 


1 
=5 (h+L+p) 
=5 (53°27/0+30°25/0+67°53/8)=75°52'9. 


hav Z=sin (S—L) sin (S—h) sec h sec L (10b) 
=sin (75°52'9—30°25/0) sin (75°52'9—53°27/0) sec 53°27/0 sec 30°25/0 
=sin 45°27'9 sin 22°25'9 sec 53°27/0 sec 30°25/0 
= (+0.71282) (+0.38158) (+1.67919) (+1.15960) 
=-+0.52963 
Z=93°4 (table 34). 


715. Solving for meridian angle——The problem consists of finding the meridian 
angle from given values of altitude, latitude, and polar distance. Of the three elements, 
altitude, latitude, and declination used in the solution of the astronomical triangle, 
normally the only uncertain element is the latitude. Results are most accurate when 
the body is on or near the prime vertical, as then an error in latitude has least effect. 

The haversine formula for meridian angle is derived from the following formula of 
trigonometry : 

sin? 1 Asin (s—b) sin (s—c) 
2 sin b sin ¢ 
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in which s is one-half of the sum of the three sides of the spherical triangle. As applied 
to the astronomical triangle of figure 707b, A is the meridian angle, t; side a is the 
coaltitude; side b is the polar distance; side c is the colatitude. Thus, 


as coaltitude+ polar distance+ colatitude 
in 2 


_(90°—h)+p+(90°—L)_9,,_ (/h+L—p 
: =99°— (7) 


s—b=[ 90°—(EETP)_p |-go2_ (BL 4) 


s—e=| 90°—(#TE=P)_(gor—1) [ER =" 


Substituting in the basic equation, 


sin [ 90 (ASP) ] sin aan (10) 


oi Sak 
Vp eee oe — 
sin 5 t=hav t= ain’ coal 


The formula for meridian angle can also be stated as: 


hav t=cse p sec L cos S sin (S—h), (10d) 


in which S=5 (h+L+p) and S—h=; (L--p—h). 


The meridian angle of a body when its center is on the celestial horizon can be 
computed by the formula: 
cos t=| tan L tan d (10e) 


where t is the meridian angle, L is the latitude, and d is the declination. Solutions of this 
formula are given in table 25, if the table is entered with a latitude 90° from the given 
latitude. This table can be used for this purpose only when latitude and declination are 
of contrary name. 

In deriving equation 10e by Napier’s Rules of Circular Parts, the two sides of the 
spherical triangle forming the right angle are latitude and coamplitude (fig. 720b). 

Example 1.—The latitude of the observer is 40°00‘0N; the declination of the sun is 
21°57 (ON. 

Required.—Meridian angle of sun at sunrise. 

Solution.—By equation 10d and table 34. 

Allowing 16’ for semidiameter and 34’ for refraction, the center of the sun is 50’ 
below the celestial horizon when the upper limb of the sun is just visible from sea level. 


S=5(h+L+p)=5(—0°50!0-+4000/0+ 68°02! 1) =53°36/0, 


S—h=53°36‘0—(—0°50/0) =54°26/0. 
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Substituting in equation 10d, 


hav t=csc p sec L cos S sin (S—h) (10d) 
Lhav t=l esc 68°02/1-+/ sec 40°00/0+/ cos 53°36 /0+/ sin 54°26 /0 
=10.03273+10.11575+9.77336+9.91033 
=9.83217 
(is Wie Pa de 


Example 2.—The latitude of the observer on the Greenwich meridian is 40°00/0N ; 
at sunrise, the meridian angle of the sun is 111°02/1E. 

Required.—The LMT of sunrise. 

Solution.—The solution is the reverse of finding GHA. The largest tabulated value 
of GHA in the almanac that does not exceed the desired GHA is found in the tabulation 
for the day, and recorded with its time. The difference between this value and the 
desired GHA is then used to enter the “Increments and Corrections” table. The time 
interval corresponding to this value is added to the time taken from the daily page. 


t(G)  111°02/1E 
GHA  248°57/9 
45 240°35/6 
33™29° 8°223 
GMT 4533™29° 
LMT 4533™m995* 


Alternatively, the solution is effected using the Equation of Time. The meridian 
angle is converted to local apparent time (LAT); the Equation of Time is applied to 
LAT to find LMT. 

t(G) 111°02/1E 

LAT 4°35™52° 

Eq. T (+) 2™20° (rev.) 
LMT 4°33™32°* 


*Because of the variations in refraction and height of eye, computation to a greater precision than 1” is not justified. 


716. Solving for parallactic angle-——An approximate value of the parallactic angle, 
X, accurate enough for most navigational requirements, can be calculated from the 
formula 

Ah 
cos X= 667’ where Ah (10f) 
is the change in altitude for 60’ change in declination, local hour angle and latitude 
remaining constant. 

Example.—The latitude of the observer is 30°00‘0N; the declination of the celestial 
body is 45°00 /0S; the local hour angle is 30°00/0, and Ah as extracted from a sight reduc- 
tion table is 53 ‘9. 

Required.—The parallactic angle. 

Solution.—By the approximate formula: 


Ah _53°9 


cos X= 


X=26°04’. 
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Figure 717a.—Divided astronomical triangle. 


The Divided Astronomical Triangle 


_ 717. Development of the formulas.—In the divided astronomical triangle shown 
in figure 717a, the perpendicular is let fall from the celestial body to the celestial meridian. 
The parts of the triangle and special constructions are labeled as follows: 


P, elevated pole of observer. t, meridian angle of celestiai body. 
Z, zenith of observer or zenith of the _ h, altitude of celestial body. 
assumed position of the observer. R, perpendicular let fall from M on PZ. 


This is an auxiliary part. 
L, latitude of observer or assumed posi- SERCH eC ROHR Ou 2 
a P K, arc from X to celestial equator 
tion of observer. (equinoctial). This is an auxiliary 
d, declination of celestial body. part introduced to facilitate solu- 
p, polar distance of celestial bedy. tion. 


M, celestial body. 


With the construction of auxiliary part R, the solutions of the unknown parts of 
the triangle can be effected through the solutions of right spherical triangles, using 
Napier’s Rules of Circular Parts. 

Omitting the right angle of the right spherical triangle of figure 717b, the triangle 
has five parts: two angles and three sides. The two sides forming the right angle and 
the complements of the other three parts are arranged in five sectors of the circular parts 
diagram in figure 717c in the same order in which they occur in the triangle of figure 
717b. 

Considering any part as the middle part, the two parts nearest it in the diagram 
are considered the adjacent parts, and the two farthest from it the opposite parts. 
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The rules are the sine of a middle part always equals the product of: 
(1) the tangents of the adjacent parts or, 
(2) the cosines of the opposite parts. 
In the use of these rules the co-function of a complement is given as the function 


of the element. Thus, the cosine of co-A is the sine of A; the tangent of co-A is the 
cotangent of A, etc. 


‘ B 
90°-B 
C a 
90°-A 
A b C 


Figure 717b.—Right spherical Figure 717c.—Circular parts 
triangle. diagram. 
sin a=tan b cot B=sin c sin A. (11a) 
sin b=tan a cot A=sin c sin B. (11b) 
cos c=cot A cot B=cos a cos b. (llc) 
cos A=tan b cot c=cos a sin B. (11d) 
cos B=tan a cot c=cos b sin A. (1le) 


Side c (the hypotenuse) is less than 90° when sides a and b are in the same quadrant, 
and more than 90° when a and b are in different quadrants. An oblique angle and the 
side opposite are in the same quadrant. 

In applying Napier’s rules to the right spherical triangle PMX of figure 717a, the 
five sectors of the circle are first completed as in figure 717d. 


M 


90°-(90°-d) R (90°-d) 


ord 


Figure 717d.—Circular parts diagram and triangle PMX. 


sin R=cos (90°—t) cos d 
sin R=sin t cos d 
csc R=csc t sec d. (12a) 


508 CALCULATIONS OF CELESTIAL NAVIGATION 


sin d=cos (90°—K) cos R 
sin d=sin K cos R 
csc K=csc d-sec R. (12b) 


For right spherical triangle ZMX of figure 717a, the five sectors of the circle are 
completed as in figure 717e. 


M 
> R 
90°-(90°-h) S 
orh = 
X 
Z 
Fiaure 717e.—Circular parts diagram and triangle ZMX. 
sin h=cos R cos (K~L) 
esc h=sec R sec (K~L). (12c) 
sin R=cos (90°—Z) cos h 
sin R=sin Z cos h 
esc Z=csc R+sec h. (12d) 


With t and (90°—d) of triangle PMX known, part R is found by means of equation 
12a. Knowing R and d, one can then find K by means of equation 12b. K is then com- 
bined algebraically with L to obtain (K~L). 

In triangle ZMX, sides R and (K~L) are known. Equation 12c is used to obtain h. 
Azimuth angle, Z, is found by means of equation 12d. 


718. The Ageton Method.—Table 35, The Ageton Method, can be used for the 
solution of the astronomical triangle divided by a perpendicular let fall from the celestial 
body to the celestial meridian. This table is arranged in parallel ‘“‘A” and ‘‘B” columns, 
the “A” column containing log cosecants multiplied by 100,000 and the “B” column 
log secants multiplied by 100,000. This arrangement simplifies the arithmetic of solution 
of the formulas in terms of secants and cosecants. Ageton’s ingenious arrangement of 
the calculations according to a standard form with simple, uniform rules also consider- 
ably simplifies the solution. The tabulation of functions every half of a minute through- 
out the tables aids interpolation. 


Interpolation Requirements 


For practical navigation, interpolation is normally required only when the quantity 
K or meridian angle, t, approaches 90°. When the quantity K is between 82° and 98°, 
it is good practice to either discard the sight or to interpolate the log secant (B) of R 
from the log cosecant (A) of R. 
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Solution by Table 35 


The letters A and B indicate from which column of table 35 to take their corre- 
sponding functions. 

The following steps are taken to obtain the altitude and azimuth angle in one 
combined solution using table 35: 

1. Enter the table with meridian angle, t, and take from the A column the nearest 
tabulated number. Enter the table with declination and take the tabulated number 
from the B column. Add these numbers to obtain the A function of R. 

2. Look up the number thus obtained in the A column and take from the B column 
the opposite tabulated number. Subtract this from the function of declination taken 
from the A column. 

3. Enter the A column with the number thus obtained and take out the nearest 
tabulated value of K, the degrees from the top or bottom of the page and the minutes 
from the side. 

4. Give K the same name as declination. Combine K with latitude to obtain 
(K~L), adding K and latitude if of contrary name and subtracting the smaller from 
the larger if same name. 

5. Enter the table with (K~L) and take from the B column the nearest tabulated 
number. Add this to the B function of R. 

6. With the number thus obtained, enter the A column and take h from the table. 

7. To compute the azimuth angle look up h in the B column and subtract the 
number thus obtained from the A function of R, which has already been determined. 

8. With this number, enter the A column and take out Z to the nearest minute. 
Z is always measured from the elevated pole 0° to 180° east or west to the body. 

At the top of the pages of the table are stated the only two rules required. 

(1) When Meridian Angle is Greater than 90°, Take K from Bottom of Table. 

(2) Always Take “Z’’ from Bottom of Table, Except when K is Same Name and 
Greater than Latitude, in Which Case Take Z from Top of Table. 

If a celestial body near the visible horizon is observed, it may be below the celestial 
horizon (zenith distance greater than 90°) because of refraction and dip. Under these 
conditions the altitude, h, is negative. In the solution by table 35, h is negative if K is 
of the same name as L and greater than (90°+L), or if K is of contrary name to L and 
greater than (90°—L). Under the second of these circumstances, Z is less than 90° 
and should be taken from the top of the table if K is greater than (180°—L). 

When the azimuth angle is near 90°, the log cosecant (A) of Z may be a negative 
number if the tables have been used without interpolating. This can be avoided by 
interpolating throughout or by substituting the nearest tabulated value of A for the 
calculated value of log cosecant (A) of R at the top of the azimuth column. 


‘“‘Wrinkles”’ 


Certain short-cuts will become apparent with use of the table: 
When entering the table with declination, take functions from both A and B 


columns in one entry. 
When taking h from the table, take the tabulated function from the B column at 


the same time, as it will be used in computing Z. 


Example 1.—The latitude of the observer is 42°10‘5S. The declination of a celestial 
body is 23°07'9S; the meridian angle is 61°33‘8K. 
Required.—Altitude and azimuth of the body. 
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Solution.—By table 35: 


Add Subtract Add Subtract 
t 61°33 ‘/8E A 5583 
d 23°07/0S B 3635 A 40604 
R A 9218 B 23052 B 23052 A 9218 
K 41°52/5S A 17552 
L 42°10/5S 
K~L 0°18/0 B 0.6 
h 36°01/5 A 23052.6 B 9218 
Zn 090°0 Z$90°00’/E A 0 


Example 2.—The latitude of the observer is 40°43‘0N. The declination of a celestial 
body is 38°42‘9N; the meridian angle is 105°17‘0E. 

Required.—Altitude and azimuth of the body. 

Solution.—By table 35: 


Add Subtract Add Subtract 
t 105°17/0E A 1564 
d 38°42/9N Be y0777 A 20379 
R AVaAr234t B 18146 B_ 18146 A 12341 
K 108°13/0N A 2233 
L 40°43/0N 
K~L 67°30/0 B 41716 
h 14°35/5 A 59862 B 1424 
Zn 051°0 Z N51°03’/E A 10917 


Compass Error 


719. Azimuth by tables.—One of the more frequent applications of sight reduction 
tables is their use in computing the azimuth of a celestial body for comparison with an 
observed azimuth in order to determine the error of the compass. In computing the 
azimuth of a celestial body, for the time and place of observation, it is normally necessary 
to interpolate the tabular azimuth angle as extracted from the tables for the differences 
between the table arguments and the actual values of declination, latitude, and local 
hour angle. The required triple interpolation of the azimuth angle using Pub. No. 229, 
Sight Reduction Tables for Marine Navigation, is effected as follows: 

(1) Refer to figure 719a. The main tables are entered with the nearest integral 
values of declination, latitude, and local hour angle. For these arguments, a base 
azimuth angle is extracted. 

(2) The tables are reentered with the same latitude and LHA arguments but with 
the declination argument 1° greater or less than the base declination argument de- 
pending upon whether the actual declination is greater or less than the base argument. 
The difference between the respondent azimuth angle and the base azimuth angle 
establishes the azimuth angle difference (Z Diff.) for the increment of declination. 


(3) The tables are reentered with the base declination and LHA arguments but 
with the latitude argument 1° greater or less than the base latitude argument depending 
upon whether the actual (usually DR) latitude is greater or less than the base argument 
to find the Z Diff. for the increment of latitude. 


(4) The tables are reentered with the base declination and latitude arguments 
but with the LHA argument 1° greater or less than the base LHA argument depending 
upon whether the actual LHA is greater or less than the base argument to find the 
Z Diff. for the increment of LHA. 
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Ine. 
ais 

The auxiliary interpolation table (art. 206) can normally be used for computing 
this value because the successive azimuth angle differences are less than 10°0 for alti- 
tudes less than 84°. 

Example 1—In DR lat. 33°24'0N, the azimuth of the sun is observed as 096°5 
pge. At the time of the observation, the declination of the sun is 20°13/8N; the local 
hour angle of the sun is 316°41/2. 

Required.—The gyro error. 

Solution. By Pub. No. 229: 


The error of the gyrocompass is found as shown in figure 719b. 


(5) The correction to the base azimuth angle for each increment is Z Diff. 


43°, 317° L.H.A. LATITUDE SAME NAME AS DECLINATION 


20 50 00.7+23.2 94.2) 49 55.7+246 95.4| 49 49.4+261 96.6] 49 41.9+275 97.8| 49 33.2+289 98.9| 49 23.3-303 100.1 
2) 50 23.9 220 92.8] 50 20.3 236 94.0] 5015.5 250 95.2| 5009.4 266 96.4] 5002.1 280 Soe $3.6 294 oa a 


44°, 316° LH.A. LATITUDE SAME NAME AS DECLINATION 


20 | 49 08.9+230 93.7] 4904.5+245 94.8] 48 588+260 96.0) 48 52.0+274 97.1] 48 440+288 98.2] 48 348+302 99.4 
21 49 31.9 220 92.2] 49 29.0 235 93.4] 49248 250 946| 4919.4 264 95.7| 4912.8 278 969] 4905.0 292 98.0 


Figure 719a.—Extracts from Pub. No. 229. 


Correction 
Z Diff. Increments | (Z Diff Inc. + 60) 


*Respondent for two base arguments and 1° 
change from third base argument, in vertical 
order of Dec., DR Lat., and LHA. 


97°8 
Corr. (—) O?1 
Z N 97°7E 
oa 097°7 
Zn pge 096°5 
Gyro Error 1°2E 


Figure 719b.—Azimuth by Pub. No. 229. 


Using Pub. No. 214, Tables of Computed Altitude and Azimuth, to determine the 
azimuth from the tabular values which are actually azimuth angles, interpolation is 
made for meridian angle, declination, and latitude. 

Example 2.—In DR lat. 41°25 /9S, the azimuth of the sun is observed as 016°0 pge. 
At the time of the observation, the declination of the sun is 22°19‘6N; the meridian 
angle of the sun is 17°22 ‘4E. 


Required.—The gyro error. 
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Solution.—By Pub. No. 214: 

(1) Refer to appendix K. In this example the tabular azimuth angle used as base 
Z is compared with the tabular azimuth angle for the base declination and latitude, 
but meridian angle 18° to determine the Z Diff. for meridian angle. Similarly, the base 
Z is compared with the tabular value for the base meridian angle and latitude, but 
declination 22° to determine the Z Diff. for declination; and with the base value of 
meridian angle and declination, but latitude 42° to determine the Z Diff. for latitude. 

(2) Interpolation is between whole degrees of meridian angle and latitude, but 
between half degrees of declination when the declination is 29° or less. For declinations 
of more than 29°, the interpolation interval for declination varies. 


Increments 0°4 


t corr.=Z Diff. X——Jo —— = (—) 0X ag = (—)0°4. 

a corm Di oe eat a 050. 
0°5 0°5 

TircoreZ Diff. xP (4 orate (+021. 


The error of the gyrocompass is found as shown in figure 719c. 


Base 
Actual Arguments 


Correction 

+ — 
, IT 4E [it ay ae ee 
d 22°.3N | 22°30’ 162°.7 162°.6 0°.0 

L 41°.48 | 41°(Contrary)|  162°.7 ie om | GL) Das | eed bao 

Total Corr. (rose 


*Respondent for two base arguments and 1° 
( 30’ for d) change from the third base argu- 
ment, in vertical order of t, d, and L. 


Zn 
Znpge 
Gyro Error 


Figure 719c.—Azimuth by Pub. No. 214. 


Using Pub. No. 260, Azimuths of the Sun, to determine the azimuth, the tabular 
azimuth angles are interpolated for meridian angle, declination, and latitude. 

In these tables, azimuth angles are given to the nearest 1’, at 10™ intervals of local 
apparent time from ‘‘sunrise’”’ to ‘“‘sunset’’ (center of the sun on the celestial horizon), 
with the LAT and the azimuth angle of these phenomena given at the bottom of each 
column. A separate table is given for each 1° of latitude from 0° to 70°. The first part 
of the book is a table for latitude 0°. The second part is devoted to tables of latitude 
and declination ‘‘same name’’. The third part gives ‘‘contrary name’”’ tables. Declina- 
tion entries are given at 1° intervals from 0° to 23°, with the approximate dates on 
which this is the declination of the sun. Extracts from these tables are given in ap- 
pendix I. Values are customarily taken by triple interpolation, using the right-hand 
“pm”? LAT column as meridian angle. 

In the solution, the meridian angle is expressed in time units to the nearest 071, 
and the declination and latitude in arc to the nearest 0°1. The Z Diff. is the difference 
in minutes of arc between the tabulated value for the nearest values of t, d, and L, 
and the next value for the t, d, or L on the opposite side of the actual value. The incre- 
ment is the difference between the actual value of t, d, and L and that used for entering 
the table. 
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Example 3.—In DR lat. 23°16'1N, the azimuth of the sun is observed as 281°7 
pgc. At the time of the observation, the declination of the sun is 18°23/7N ; the meridian 
angle of the sun is 71°24/3W. 

Required.—The gyro error. 

Solution.—By Pub. No. 260: 

(1) Refer to appendix I. In this example the tabular azimuth angle used as base Z 
is compared with the tabular azimuth angle for the base declination and latitude, but 
meridian angle 4°40™ to determine the Z Diff. for meridian angle. Similarly, the base Z 
is compared with the tabular value for the base meridian angle and latitude, but 
declination 19° to determine the Z Diff. for declination; and with the base values of 
meridian angle and declination, but latitude 24° to determine the Z Diff. for latitude. 

(2) Interpolation is between whole degrees of declination and latitude, but 10™ of 
meridian angle. 


Te Increments _ pokes , 
t corr.=Z Diff.X—> on =(+)48’* ion = (+)21 
d corr:=Z Diff. x Porememts _ (_)62” xP = (—)25" 
L corr.=Z Diff. < *Porements _ (+)95/ x93 = (+)8" 


The error of the gyrocompass is found as shown in figure 719d. 


Total Corr. (+) 4’ 


*Respondent for two base arguments and 1° 
(10™ for t) change from the third base argu- 
ment, in vertical order of t, d, and L. 


Fieurs 719d.—Azimuth by Pub. No. 260. 


In entering the table, one should keep in mind that values of t increase wpward 
from the bottom of the page. Care should be used in locating meridian angle, for the 
manner of labeling the values can easily be misunderstood. For latitude 0°, Z is labeled 
N or S to agree with declination. Interpolation is made for t and d only, and the value 
converted to Zn. The Zn at latitude 1° is then computed, and interpolation for latitude 
is made between the two values of Zn. 

Pub. No. 261, Azimuths of Celestial Bodies, extends the Pub. No. 260 tables by 
providing information in similar form (but with meridian angle increasing downward 
on the page) for declinations 24° to 70°. Tables for “same name” only are given. If 
latitude and declination are of contrary name, the tables are entered with the supple- 
ment of the meridian angle. The value taken from the table is then the supplement 
of the azimuth angle, which is labeled N or S to agree with the latitude and E or W 
to agree with the meridian angle. Extracts from Pub. No. 261 are given in appendix J. 

Example 4.—In DR lat. 51°25'5S, the declination of a body below the horizon is 
57°41'4N; the meridian angle of the body is 49°31 ‘6E. 
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Required.—The azimuth of the body. 

Solution.—By Pub. No. 261: 

(1) Refer to appendix J. Because the latitude and declination are of contrary 
name, the tables are entered with the supplement of the meridian angle. 

(2) In this example the tabular azimuth angle used as the base Z is compared 
with the tabular azimuth angle for the base declination and latitude, but meridian 
angle 8"50™ to determine the Z Diff. for meridian angle. Similarly, the base Z is com- 
pared with the tabular value for the base meridian angle and latitude, but declination 
58° to determine the Z Diff. for declination; and with the base values of meridian angle 
and declination, but latitude 52° to determine the Z Diff. for latitude. 

(3) Interpolation is between whole degrees of declination and latitude, but 10™ of 
meridian angle. 

One step can be eliminated by considering the corrected value Z instead of 180°—Z, 
and labeling it N or S to agree with the declination. In this example the body is below 
the horizon. 

The azimuth of the body is found as shown in figure 719e. 


Base Base Tab* 
t3h 18”°.1E Actual Arguments Z Z Z Diff Increments 


Correction 
ef. 4 ‘# 


*Respondent for two base arguments and 1° 
(10™ for t) change from the third base argu- 
ment, in vertical order of t, d, and L. 


Zn 
Znpge 
Gyro Error 


Figure 719e.—Azimuth by Pub. No. 261. 


720. Amplitudes.—For checking the compass, an azimuth observation of a celestial 
body at low altitude is desirable because it can be measured easiest and most accurately. 
If the body is observed when its center is on the celestial horizon, the amplitude (A), 
which is the are of the horizon between the prime vertical and the body, can be taken 
directly from table 27. 

The amplitude is given the prefix E (east) if the body is rising and W (west) if 
setting. It is given the suffix N if the body rises or sets north of the prime vertical 
(which it does if it has northerly declination) and S if it rises or sets south of the prime 
vertical (having southerly declination). The suffix is given to agree with the declination 
of the body. Interconversion of amplitude and azimuth is similar to that of azimuth 
angle and azimuth. Thus, if A=E15°S, the body is 15° south of east or 90°+15°= 
105°. For any given body, the numerical value of amplitude would be the same at 
rising and setting if the declination did not change. 

When the center of the sun is on the celestial horizon, its lower limb is about two- 
thirds of a diameter above the visible horizon. When the center of the moon is on the 
celestial horizon, its wpper limb is on the visible horizon. When planets and stars are 
on the celestial horizon, they are a little more than one sun diameter above the visible 
horizon. In high latitudes, amplitudes should be observed on the visible horizon. 
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If the body is observed when its center is on the visible horizon, the observed value 
should be corrected by the value from table 28, using the rules given with the table, 
before comparison with the value taken from table 27. If preferred, the correction 
can be applied with reversed sign to the value taken from table 27 and compared with 
the uncorrected observed value. This is the procedure used if amplitude or azimuth 


is desired when the celestial body is on the visible horizon. 


In the diagram on the 
plane of the celestial meridian 
shown in figure 720a, a 
celestial body of declination 
same name as latitude is on 
the celestial horizon at M; a 
celestial body having declina- 
tion of contrary name is on 
the celestial horizon at M’. 
Triangles PhnNM and PnNM’ 
are right spherical triangles, 
PnNM and PnNM’ being 
right angles. 

Side NM of triangle 
PnNM is the coamplitude 
(90°—A); side PnN is the 
latitude; and side PnM is the 
codeclination (90°—d). 

The formula for ampli- 
tude is derived by Napier’s 
rules: 

The five sectors of the 
diagram for right spherical 
triangle PnNM are com- 


pleted as in figure 720b. Applying Napier’s rules: 


Z 


Figure 720a.—Diagram on plane of the celestial meridian. 


sin d=cos L cos (90°— A) 
sin d=cos Lsin A 
sin A=sec L sin d. 


M 


(13) 


(90°-A) 


Fieurer 720b.—Circular parts diagram for spherical triangle PnNM. 
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For the contrary name case, side NM’ is (90°+ A); side PnN is the latitude; and 
side PnM’ is (90°+d). The five sectors of the diagram for right spherical triangle 
PnNM’ are completed as in figure 720c. Applying Napier’s rules: 


—sin d=cos L cos(90°+A) 
cos(90°+ A) =—sec L sin d 
sin A=sec L sin d, (13) 


in which A is the amplitude, L is the latitude of the observer, and d is the declination of 
the celestial body. Table 27 was computed by means of this formula. 


90°-(90%d) 
or-d 


Figure 720c.—Circular parts diagram for spherical triangle PnNM’. 


Example.—The DR latitude of a ship is 51°24'6N, at a time when the declination 
of the sun is 19°40‘4N. 

Required.—(1) The amplitude (A) when the center of the setting sun is on the 
celestial horizon. 

(2) The amplitude when the center of the setting sun is on the visible horizon. 

(3) The azimuth when the center of the setting sun is on the visible horizon. 


Solution.— 


(1) A W32°6N (tab. 27) 

T 28 1°1S (rev.)—applied to tabulated amplitude 
(2) A W33°7N 
(3) Zins 303?7. 


721. Finding time on the prime vertical.—A celestial body having a declination of 
opposite name to the latitude crosses the prime vertical below the horizon. Its nearest 
visible approach is at the time of rising and setting. 

If a celestial body has a declination of the same name as the latitude, but is numer- 
ically greater, it does not cross the prime vertical. Its nearest approach (in azimuth) 
is at the point at which its azimuth angle is maximum. At this point the meridian 
angle is given by the formula 


sec t=tan d cot L, (14a) 
and its altitude by the formula 
esc h=sin d esc L. (14b) 
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A celestial body having a declination of the same name as the latitude, and numer- 
ically smaller, crosses the prime vertical at some point before it reaches the celestial 
meridian, and again after meridian transit. At these two crossings of the prime vertical, 
the meridian angles are equal and are always less than 90°. They are given by the formula 


cos t=tan d cot L. (14c) 
The altitudes are also equal, and are given by the formula 
sin h=sin d csc L. (14d) 


Meridian angle and altitude of bodies on the prime vertical, and similar data for 
the nearest approach (in azimuth) of those bodies of same name which do not cross the 
prime vertical, are given in table 25 for various latitudes, and for declinations from 0° to 
23°, inclusive. 


Equation 14c for meridian angle, when azimuth angle is 90°, is derived by Napier’s 
rules as follows: 
The circular parts diagram for astronomical triangle PMZ is completed as shown 
in figure 721. 
Z=90° 


90°-(90°-d) 
ord 


90°-d 


Figure 721.—Circular parts diagram for astronomical triangle PMZ. 


sin (90°—t)=tan d tan (90°—L) 
cos t=tan d cot L. (14¢c) 


The altitudes of the two crossings of the prime vertical are also equal. Equation 14d 
for altitude on the prime vertical is derived by Napier’s rules: 


sin d=cos(90°—L) cos(90°—h) 
sin d=sin L sin h 
sin h=sin d esc L. (14d) 


To find the time of crossing the prime vertical, convert t to LHA, and add west 
longitude or subtract east longitude to find GHA. The GMT at which this GHA occurs 
can be found, as explained in article 733, and converted to any other time desired. 

Ezample——Determine (1) the approximate zone time, and (2) the approximate 
altitude of the sun when it crosses the prime vertical during the afternoon of May 30, 
1975, at lat. 51°32/3N, long. 160°21/7W, using table 25 and the Nautical Almanac. 
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Solution.— 
May 30 
t 71°6W (from table 25) 
LHA 71°6 
r 160°4W 
GHA 232°0 
3s 225°6 
26™ 6°4 


GMT 0326 May 31 
ZD(+) 11 (rev.) 
(1) ZT 1626 May 30 
(2) h 28°4 (from table 25). 


At the time of crossing the prime vertical, or at nearest approach (in azimuth), a 
celestial body is changing azimuth slowly, and therefore this is considered a good time 
to check compass deviation or to swing ship. 


The prime vertical at any place is the celestial horizon of a point 90° away, on the 
same meridian. Therefore, a celestial body crosses the prime vertical at approximately 
the same time it rises and sets at the point 90° away. Thus, if one is at latitude 35° N, 
the sun crosses his prime vertical at about the same time it rises or sets at latitude 
55°S. If time of sunrise and sunset are to be obtained accurately by this method, 
corrections must be applied for semidiameter and refraction. 


Dip and Distance of the Horizon 


Figurn 722a.—Dip without Figurr 722b.—Dip with 
refraction. refraction. 


722. Dip of geometrical horizon.—If there were no refraction, dip would be the 
angle between the horizontal at the eye of the observer, and a straight line from this 
point tangent to the surface of the earth at the geometrical horizon. In figure 722a, 
the eye of the observer is at A at height h above the surface of the earth of radius r. 
The line AH is the horizontal through A, and the straight line AC is tangent to the 
earth’s surface at T. Angle HAC is the dip (D) at A, neglecting refraction. Since OA is 
perpendicular to AH and OT is perpendicular to AC, angle AOT is equal to angle 
HAC (art. 127). ae 

AT A 
tan D=tan AOT=647=—— 
From geometry, 
AT=yh(2r+h). 
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Accordingly, 
tan D =" V2rh +h? 


2 
er p—2ztht+h Rei (7) 


rity r 
2h (hi)? 
tan), D= s+G 


Since h is very small compared with r, the square of the fraction (2) can be dis- 


carded without appreciable effect. 
2h 
Then, tan D= oe approximately. 


Using 20.902 x 10° feet as the mean radius of the earth and expressing h in feet, 


oh 
tan D— ‘poe 10° 


With D expressed in minutes of arc, 


ne oh 
D tan 1 ae 


D=1.06yh. 


723. Distance of geometrical horizon.—A straight line from the eye of the observer 
tangent to the earth leads to the geometrical horizon. In figure 722a the geometrical 
horizon of the observer at A is at point T; the distance of the geometrical horizon is 
the arc of the circle subtending the central angle AOT. Therefore, when neglecting 
refraction, the numerical value of the dip, in minutes of arc, is equal to the distance to 
the geometrical horizon, in nautical miles. Or, 


d=1.06 yh, (15) 


where h is the height of eye in feet and d is the distance of the geometrical horizon in 
nautical miles. 

724. Distance of visible horizon.—The line of sight to the horizon passes through 
regions of different densities adjacent to the earth’s surface. Consequently, the ray of 
light from the horizon to the observer’s eye is bent by refraction. The normal result of 
this terrestrial refraction is to increase the distance to the horizon, which is at T’ of 
figure 722b, instead of at T. This actual distance, under normal conditions, is given in 
table 8. Although the horizon is farther away than it would be if there were no refraction, 
it appears higher for the eye of the observer does not detect the curvature of the line of 
sight. Therefore, the horizon appears to be at C’ instead of at C. 

The angle HAC’ is the dip of the visible horizon, i.e., dip with allowance made 
for refraction. The angle of refraction R is C’AC. 

In figure 724a, line PC is tangent to the earth’s surface at T’. The curved path of 
the ray of light from A to T’ may be regarded as the arc of a circle. Then refraction 
elevates point A as seen from T’ as much as it elevates T’ as seen from A. The observer 
at T’ would see point A at P. On drawing the chord T’A, the angle PT’A may be taken 
as equal to angle C’AC, the angle of refraction. This refraction is equal to 0.0784D, 
where D is the dip of the horizon neglecting refraction. 
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With the small heights of eye considered, angle T’AP of triangle T’PA is nearly 
a right angle. Setting x=PA, we may take without appreciable error 


x=T’A tan PT’A=r tan DX 0.0784 tan D. 
But, r tan? D=2h. 


Hence, x=0.1568 h. 


From geometry, 


PT’ = (2 OB+ PB) X PB= y2r (x+h), approximately 
PT’ =distance to visible horizon d 


” d= -+2.3136rh. 


Using 20.902 10° feet as the mean radius of the earth and expressing h in feet, 
the distance to the visible horizon, d, in nautical miles is given by: 


ey es j 
d= ao 76 7 V2-3136X 20.902 10 h 
d=1.144 yh. (16) 


Example.—The height of eye of the observer is 49 feet. 
Required.—Distance to the visible horizon. 
Solution.—By equation 16: 


d=1.144V49=1.1447 


d=8.0 n.mi. 


Ficure 724a.—Effect of refraction on distance of visible horizon. 
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725. Dip of visible horizon.—The dip of the visible horizon (D) is the angle HAC’ 
of figure 724a, the angle between the horizontal at the eye of the observer and a 
straight line tangent at A to the curved ray of light from the visible horizon. 

The dip in terms of d and R is determined as follows: 


AOT’ +OT’A+OAT’=180° 


d+(90°— R) + (90°—D— R) =180° 
D=d—2R. 


With d=1.144-yh and substituting R=0.0784d, 


D=0.97yh. (17) 


Ezxample.—The height of eye of the observer is 36 feet. 


Required.—The dip of 


the visible horizon. 


Solution.—By equation 17: 


D=0.97Vh=0.97-36=0.97 X6 
D=5'8: 


726. Dip short of the horizon.—If land, another ship, or other obstruction is 


between the observer and 


his sea horizon, an altitude can be measured by using the 


waterline of the obstruction as a horizontal reference, if its distance from the observer is 


known. In this case the dip 
is greater than that given 
in the almanacs. Table 22 
gives the values to be used. 
Table 22 was com- 
puted by means of a 
formula derived as follows: 
In figure 726b, point 
S is on a waterline between 
the observer at O and his 
sea horizon at T. If the 
observer were at point A, 
his sea horizon would be 
at S where a curved ray 
of light from A is tangent 
to the surface of the sea. 
The distance of the 
sea horizon, in nautical 
miles, as seen from A at 
height h’, in feet, and the 
distance to the waterline 
short of the sea horizon is 
given by equation 16: 


Figure 726a.— Measuring altitude short of the horizon. 


The dip of S as seen from A is given by equation 17: 


With 


d=1.144 yh’. 
D=0/97 vh’. 
d=1.144 yh’, 
p=0:974 _ 9 ga70d. 


1.144 
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With chords SA and SO drawn, as in figure 726b, 
ZAOS= ZBAS— ZASO 


because exterior angle BAS is equal to the sum of the two opposite interior angles. 


For small angle ASO, tan Aso=22, without appreciable error. 


Since SA is very nearly equal to d in nautical miles and tan n’=n tan 1’ for small 


angles, 
h—h’ 


4ASO=G0760 tan 1’ 


Observer 
Dip (Ds) short of horizon by table 22 


Height of observer at A 


in feet UL sions 


Distance to waterline 
short of sea horizon 
and distance of sea 
horizon observed 


[Sea Horizon of observer at 0 


Figure 726b.—Dip short of the horizon. 


In figure 726b, D is the dip of S as seen from A. Then, since the sum of the interior 
angles of a plane triangle is equal to 180°, 


D+90°+ ZASO-+ (90°—D,)=180° 
D,=D+ ZASO. 
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Since the dip short of the horizon (Ds) is equal to the dip as seen from A(0‘8479d) plus 
ZASO (sum of interior angles of plane triangle is equal to 180°), 


D —0'3479g4+——_ hh 
eras 6076d tan 1’ 


ree Mas fend Cea 
Substituting h =(sa id i) ’ 


h 
D,=0.4156d+0.5658 ai (18) 


Rising, Setting, and Twilight 


727. Rising, setting, and twilight—In both almanacs the times of sunrise, sunset, 
moonrise, moonset, and twilight information at various latitudes between 72°N and 
60°S are given to the nearest whole minute. By definition, rising or setting occurs 
when the upper limb of the body is on the visible horizon, assuming standard refraction 
for zero height of eye. Because of variations in refraction and height of eye, compu- 
tation to a greater precision than 1” is not justified. 

In high latitudes some of the phenomena do not occur during certain periods. 
The symbols used to indicate this condition are: 

© Sun or moon does not set, but remains continuously above the horizon. 

ms Sun or moon does not rise, but remains continuously below the horizon. 

//// Twilight lasts all night. 

The Nautical Almanac makes no provision for finding the times of rising, setting, 
or twilight in polar regions. The Air Almanac has graphs for this purpose. 

In the Nautical Almanac, sunrise, sunset, and twilight tables are given only once 
for the middle of the three days on each page opening. For most purposes this informa- 
tion can be used for all three days. Both almanacs have moonrise and moonset tables 
for each day. 

The tabulations are in local mean time (art. 610). On the zone meridian, this is 
the zone time (ZT). For every 15’ of longitude that the observer’s position differs 
from that of the zone meridian, the zone time of the phenomena differs by 1™, being 
later if the observer is west of the zone meridian, and earlier if he is east of the zone 
meridian. The local mean time of the phenomena varies with latitude of the observer, 
declination of the body, and hour angle of the body relative to that of the mean sun. 

Sunrise and sunset are also tabulated in the tide tables (from 76°N to 60°S) and 
in a supplement to the American ephemeris of 1946 entitled Tables of Sunrise, Sunset, 
and Twilight (from 75°N to 75°S). The meridian angle of any body at the time of 
its rising and setting can be computed by the formulas given in article 715. The data 
concerning the rising and setting of the sun and moon and the duration of twilight for 
high southern latitudes are published as graphs in United States Naval Observatory 
Circular No. 147, Sunlight, Moonlight, and Twilight for Antarctica; these graphs are 
similar to the graphs in the Air Almanac for northern latitudes (art. 730). 

728. Finding time of sunrise and sunset.—Nautical Almanac. Enter the table 
on the daily page, and extract the LMT for the tabulated latitude next smaller than 
the observer’s latitude (unless this is an exact tabulated value). Apply a correction 
from table I on almanac page xxxii to interpolate for latitude, determining the sign of 
the correction by inspection. Then convert LMT to ZT by means of the difference 
in longitude (dd) between the local and zone meridians. 

Ezample——Find the zone time of sunrise and sunset at lat. 43°31'4N, long. 
36°14‘/3W on June 1, 1975. 
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Solution.— 
L 43°31'4N June 1 
» 36°14/3W 

Sunrise Sunset 
40° 0433 40° 1922 
TI (-—)ll TI (4)l1l1 
LMT 0422 LMT 1933 
dy (+)25 dy (+)25 
ZT 0447 ZT 1958 


Air Almanac. The procedure is the same as that for the Nautical Almanac, except 
that the LMT is extracted from the tables of sunrise and sunset instead of the daily 
page, and latitude correction is by linear interpolation. 


The tabulated times are for the Greenwich meridian. Except in high latitudes 
near the times of the equinoxes, the time of sunrise and sunset varies so little from day 
to day that no interpolation is needed for longitude. If such an interpolation is con- 
sidered justified, it can be made in the same manner as for the moon (art. 730). 


In high latitudes, interpolation is not always possible. For instance, on June 1 
1975, sunrise at latitude 66°N occurs at 0115, but at latitude 68°N the sun does not 
set. Between these two latitudes the time of sunrise might be found from the graphs 
in the Air Almanac, or by computation, as explained in article 715. However, in such a 
marginal situation, the time of sunrise itself is uncertain, being greatly affected by a 
relatively small change of refraction or height of eye. 


729. Finding time of twilight Morning twilight ends at sunrise, and evening twi- 
light begins at sunset. The time of the darker limit can be found from the almanacs. 
The time of the darker limits of both civil and nautical twilights (center of the sun 6° 
and 12°, respectively, below the celestial horizon) is given in the Nautical Almanac. 
The Air Almanac provides tabulations of civil twilight from 60°S to 72°N. The bright- 
ness of the sky at any given depression of the sun below the horizon may vary consider- 
ably from day to day, depending upon the amount of cloudiness and other atmospheric 
conditions. In general, however, the most effective period for observing stars and 
planets occurs when the center of the sun is between about 3° and 9° below the celestial 
horizon. Hence, the darker limit of civil twilight occurs at about the mid point of 
this period. At the darker limit of nautical twilight the horizon is generally too dark 
for good observations. At the darker limit of astronomical twilight (center of the sun 
18° below the celestial horizon) full night has set in. The time of this twilight is given 
in the ephemeris. Its approximate value can be determined by extrapolation (art. 207) 
in the Nautical Almanac, noting that the duration of the different kinds of twilight is 
not proportional to the number of degrees of depression at the darker limit. More 
precise determination of the time at which the center of the sun is any given number of 
degrees below the celestial horizon can be determined by a large-scale diagram on the 
plane of the celestial meridian (art. 507) or by computation (art. 715). Duration of 
twilight in latitudes higher than 65°N is given in a graph in the Air Almanac. 

Nautical Almanac. The method of finding the darker limit of twilight is the same 
as that for sunrise and sunset (art. 728). 


Example 1.—Find the zone time of beginning of morning nautical twilight and 
ending of evening nautical twilight at lat. 21°54'7S, long. 109°34‘2E on June 1, 1975. 
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Solution.— 
Li 21°54'7S June 1 
\ 109°34/2 E 


Nautical Nautical 
twilight twilight 

20° S 0537 20°S 1819 
Dileos3 TI (—)3 
LMT 0540 LMT 1816 
dy (=)18 dd (=)18 
ZT 0522 Zile ( W768 


Air Almanac. The method of finding the darker limit of twilight is the same as 
that for sunrise and sunset as explained in article 728. 

Example 2.—Find the zone time of beginning of morning civil twilight and ending 
of evening civil twilight at lat. 47°18‘/8S, long. 87°28‘3W on June 1, 1975. 


Solution.— 
L 47°18'8S June 1 
\ 87°28'3 W 
Civil Twilight Civil Twilight 
45°S 0654 45°S 1701 
corr. (+)7 corr. (—)7 
LMT 0701 LMT 1654 
dv (—)10 dy (—)10 
ZT 0651 (twilight) ZT 1644 (twilight) 


Sometimes in high latitudes the sun does not rise but twilight occurs. This is 
indicated in the Air Almanac by the symbol MM in the sunrise and sunset column. 
To find the time of beginning of morning twilight, swbtract half the duration of twilight 
as obtained from the duration of twilight graph from the time of meridian transit of 
the sun; and for the time of ending of evening twilight, add it to the time of meridian 
transit. The LMT of meridian transit never differs by more than 16"4 (approximately) 
from 1200. The actual time on any date can be determined from the almanac. 


730. Finding time of moonrise and moonset is similar to finding time of sunrise 
and sunset, with one important difference. Because of the moon’s rapid change of 
declination, and its fast eastward motion relative to the sun, the time of moonrise and 
moonset varies considerably from day to day. These changes of position on the celestial 
sphere (art. 501) are continuous, as moonrise and moonset occur successively at various 
longitudes around the earth. Therefore, the change in time is distributed over all 
longitudes. For precise results, it would be necessary to compute the time of the phe- 
nomena at any given place, by the method described in article 715. For ordinary 
purposes of navigation, however, it is sufficiently accurate to interpolate between 
consecutive moonrises or moonsets at the Greenwich meridian. Since apparent 
motion of the moon is westward, relative to an observer on the earth, interpolation in 
west longitude is between the phenomenon on the given date and the following one. In 
east longitude it is between the phenomenon on the given date and the preceding one. 

Nautical Almanac. For the given date, enter the daily-page table with latitude, 
and extract the LMT for the tabulated latitude next smaller than the observer’s latitude 
(unless this is an exact tabulated value). Apply a correction from table I of the al- 
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manac ‘‘Tables for Interpolating Sunrise, Moonrise, etc.’’ to interpolate for latitude, 
determining the sign of the correction by inspection. Repeat this procedure for the 
day following the given date, if in west longitude; or for the day preceding, if in east 
longitude. Using the difference between these two times, and the longitude, enter 
table II of the almanac “Tables for Interpolating Sunrise, Sunset, etc.”’ and take out 
the correction. Apply this correction to the LMT of moonrise or moonset at the Green- 
wich meridian on the given date to find the LMT at the position of the observer. The 
sign to be given the correction is such as to make the corrected time fall between the 
times for the two dates between which interpolation is being made. This is nearly 
always positive (+) in west longitude and negative (—) in east longitude. Convert 
the corrected LMT to ZT. . 

Example 1—Find the zone time of moonrise and moonset at lat. 58°23‘6N, 
long. 144°07‘5W on June 1, 1975, using the Nautical Almanac. 


Solution.— 
L 58°23'6N June 1 
 144°07/'5W 
Moonrise Moonset 
58°N 0007 June 1 58°N 1110 June 1 
Daly ea TI (—)1 
LMT (G) 0008 June 1 LMT (G) 1109 June 1 
58°N 0021 June 2 58°N 1221 June 2 
Ral 0 ae 0 
LMT (G) 0021 June 2 LMT (G) 1221 June 2 
LMT (G) 0008 June 1 LMT (G) 1109 June 1 
diff. yuls diff. 72 
TIL. (+)5 slieliln Ci) 28 
LMT (G) 0008 June 1 LMT (G) 1109 June 1 
LMT 0013 June 1 LMT 1137 June 1 
dy (—)24 dy (—)24 
ZT 2349 May 31 ZT tits sine 


Air Almanac. For the given date, determine LMT for the observer’s latitude at 
the Greenwich meridian, in the same manner as with the Nautical Almanac, except that 
linear interpolation is made directly from the main tabulation, since no interpolation 
table is provided. Extract, also, the value from the ‘‘Diff.”’ column to the right of the 
moonrise and moonset column, interpolating if necessary. This ‘‘Diff.” is one-fourth of 
the difference between the succeeding and preceding value, which is approximately 
one-half of the daily difference. The error introduced by this approximation is generally ' 
not more than a few minutes, although it increases with latitude. Using this difference, 
and the longitude, enter the “Interpolation of Moonrise, Moonset” table on flap F4 
of the Air Almanac and take out the correction. The Air Almanac recommends the 
taking of the correction from this table without interpolation. The results thus obtained 
are sufficiently accurate for ordinary purposes of navigation. If greater accuracy is 
desired, the correction can be taken by interpolation. However, since the ‘Diff.’’ 
itself is an approximation, the Nautical Almanac or computation (art. 715) should be 
used if accuracy is a consideration. Apply the correction to the LMT of moonrise or 
moonset at the Greenwich meridian on the given date to find the LMT at the position 
of the observer. The correction is positive (+) for west longitude, and negative (—) 
for east longitude, unless the ‘‘Diff.’’ on the daily page is preceded by a negative sign 
(—), when the correction is negative (—) for west longitude, and positive (+) for 
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east longitude. If the time is near midnight, record the date at each step, as in the 
Nautical Almanac solution. 

Example 2.—Find the zone time of moonrise and moonset at lat. 58°23/6N, long. 
144°07‘5W on June 1, 1975, using the Air Almanac. 


Solution.— 
L 58°23'6N June 1 
 144°07/5W 

Moonrise Moonset 
diff. (+)07 diff. (++)36 
58°N —- 0007 58°N 1110 
Cette ae. corr. (—)l1 
LMT (G) 0008 LMT (G) 1109 
corr. (+)4 corr. (+)29 
LMT 0012 LMT 1138 
dy (—)24 dy (—)24 
ZT 2348 May 31 ZT 1114 


As with the sun, there are times in high latitudes when interpolation is inaccurate 
or impossible. At such periods, the times of the phenomena themselves are uncertain, 
but an approximate answer can be obtained by moonlight graph in the Air Almanac 
or by computation, as explained in article 715. With the moon, this condition occurs 
when the moon rises or sets at one latitude, but not at the next higher tabulated Jatitude, 
as with the sun. It also occurs when the moon rises or sets on one day but not on the 
preceding or following day. This latter condition is indicated in the Air Almanac by 
the symbol x in the ‘“‘Diff.’’ column. 

Because of the eastward revolution of the moon around the earth, there is one day 
each synodical month (29% days) when the moon does not rise, and one day when it 
does not set. These occur near last quarter and first quarter, respectively. Since this 
day is not the same at all latitudes or at all longitudes, the time of moonrise or moonset 
found from the almanac may occasionally be the preceding or succeeding one to that 
desired. When interpolating near midnight, one should exercise caution to prevent an 
error. 

Refer to the right-hand daily page of the Nautical Almanac for June 12, 13, 14 
(app. F). On June 13 moonset occurs at 2350 at latitude 70°N, and at 0031 at latitude 
72°N. These are not the same moonset, the one at 0031 occurring approximately one 
day later than the one occurring at 2350. This is indicated by the two times, which 
differ by nearly 24 hours. The table indicates that with increasing northerly latitude, 
moonset occurs later. Between 70°N and 72°N the time crosses midnight to the following 
day. Hence, between these latitudes interpolation should be made between 2350 on 
June 13 and 0007 on June 14. 

The effect of the revolution of the moon around the earth is to cause the moon to 
rise or set later from day to day. The daily retardation due to this effect does not differ 
greatly from 50™. The change in declination of the moon may increase or decrease this 
effect. The effect due to change of declination increases with latitude, and in extreme 
conditions it may be greater than the effect due to revolution of the moon. Hence, the 
interval between successive moonrises or moonsets is more erratic in high latitudes 
than in low latitudes. When the two effects act in the same direction, daily differences 
can be quite large. Thus, at latitude 72°N the moon rises at 0550 on June 13, and at 
0806 on June 14. When they act in opposite directions, they are small, and when the 
effect due to change in declination is larger than that due to revolution, the moon sets 
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earlier on succeeding days. Thus, at latitude 72°N the moon sets at 0031 on June 13, 
and at 0007 on June 14. This condition is reflected in the Air Almanac by a negative 
“Diff.” If this happens near last quarter or first quarter, ‘wo moonrises or moonsets 
might occur on the same day, one a few minutes after the day begins, and the other a 
few minutes before it ends. On June 14, 1975, for instance, at latitude 72°N, the moon 
sets at 0007, rises at 0806, and sets again at 2350 the same day. On those days on which 
no moonrise or no moonset occurs, the next succeeding one is shown with 24" added to 
the time. Thus, at latitude 68°N the moon rises at 2342 on May 25, while the next 
moonrise occurs 24°45™ later, at 0027 on May 27. This is listed both as 2427 on May 26 
and as 0027 on May 27 (not shown in app. F). 

Interpolation for longitude is always made between consecutive moonrises or moon- 
sets, regardless of the days on which they fall. 

Example 3.—Find the zone time of moonset at lat. 71°38/7N, long. 56°21‘'8W 
during the night of June 13-14, 1975, using the Nautical Almanac. 


Solution.— 
L 71°38/7N June 13-14 
\ 56°21'8W 
Moonset 
70°N 2350 June 13 
TI (+)15 
LMT (G) 0005 June 14 


70°N 2342 June 14 

di a Ga 
LMT (G) 2349 June 14 
LMT (G) 0005 June 14 

diff. 16 

TAU. (=) 2 
LMT (G) 0005 June 14 
LMT 0003 June 14 

dn (=)15 
ZT 2348 June 13 


Interpolation for the first entry is between 2350 on June 13 (lat. 70°N) and 0007 
on June 14 (lat. 72°N); for the second entry, between 2342 on June 14 and 2350 on 
June 14. 

Beyond the northern limits of the almanacs the values can be obtained from a 
series of graphs given near the back of the Air Almanac. These graphs are shown in 
appendix G. For high latitudes, graphs are used instead of tables because graphs give 
a clearer picture of conditions, which may change radically with relatively little change 
in position or date. Under these conditions interpolation to practical precision is simpler 
by graph than by table. In those parts of the graph which are difficult to read, the 
times of the phenomena’s occurrence are themselves uncertain, being altered consider- 
ably by a relatively small change in refraction or height of eye. 

On all of these graphs any given latitude is represented by a horizontal line, and 
any given date by a vertical line. At the intersection of these two lines the duration 
is read from the curves, interpolating by eye between curves. 

The ‘‘Semiduration of Sunlight” graph gives the number of hours between sunrise 
and meridian transit or between meridian transit and sunset. The dot scale near the 
top of the graph indicates the LMT of meridian transit, the time represented by the 
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minute dot nearest the vertical date line being used. If the intersection occurs in the 
wet marked ‘‘sun above horizon,” the sun does not set; and if in the area marked 
“sun below horizon,” the sun onte not rise. 
Example ind the zone time of sunrise and sunset at lat. 71°30/0N, long. 
10°00‘0W near Jan Mayen Island, on August 25, 1975. 
Solution.— 
August 25 
LMT 1202 LAN, from top of graph 
dx (—)20 
ZT 1142 LAN 
semidur. 840 from graph 
ZT 0302 sunrise (—semidur.) 
ZT 2022 sunset (++semidur.) 


A vertical line through August 25 passes nearest the dot representing LAN 1202 
on the scale near the top of the graph. This is LMT; at longitude 10°00‘0 W the ZT 
is 20™ earlier, or at 1142. The intersection of the vertical date line with the horizontal 
latitude line occurs between the 8" and 9° curves, at approximately 8°40™. Hence, 
sunrise occurs at this interval before LAN and sunset at this interval after LAN. 


The “Duration of Twilight” graph gives the number of hours between the beginning 
of morning civil twilight (center of sun 6° below the horizon) and sunrise, or between 
sunset and the end of evening civil twilight. If the sun does not rise, but twilight does 
occur, the time taken from the graph is half the total length of the single twilight period, 
or the number of hours from beginning of morning twilight to LAN, or from LAN to 
end of evening twilight. If the intersection occurs in the area marked “continuous 
twilight or sunlight,” the center of the sun does not get more than 6° below the horizon; 
and if in the area marked ‘‘no twilight nor sunlight,” the sun remains more than 6° 
below the horizon throughout the entire day. 

Example 2.—¥Find the zone time of beginning of morning twilight and ending 
of evening twilight at the place and date of example 1. 


Solution.— 
Twilight Twilight 
ZT 0302 sunrise, from example 1 ZT 2022 sunset, from example 1 
dur. 153 from graph dur. 153 from graph 
ZT 0109 morning twilight ZT 2215 evening twilight 


The intersection of the vertical date line and the horizontal latitude line occurs 
approximately one-sixth of the distance from the 2° line toward the 1°20™ line; or at 
about 1°53™. Morning twilight begins at this interval before sunrise, and evening twi- 
light ends at this interval after sunset. 


The “‘Semiduration of Moonlight”? graph gives the number of hours between 
moonrise and meridian transit or between meridian transit and moonset. The dot 
scale near the top of the graph indicates the LMT of meridian transit, each dot repre- 
senting one hour. The phase symbols indicate the date on which the principal moon 
phases occur, the open circle indicating full moon and the dark circle indicating new 
moon. If the intersection of the vertical date line and the horizontal latitude line falls 
in the ‘moon above horizon” or ‘‘moon below horizon’’ area, the moon remains above 
or below the horizon, respectively, for the entire 24 hours of the day. 


If approximations of the times of moonrise and moonset are sufficient, the values 
of semiduration taken from the graph can be used without adjustment. For more 
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accurate results, the times on the required date and the adjacent date (the following 
date in west longitude and the preceding date in east longitude) should be determined, 
and an interpolation made for longitude, as in any latitude, since the intervals given 
are for the Greenwich meridian. 

Example 8.—Find the zone time of moonrise and moonset at lat. 74°00/0N, 
long. 108°00’'0W on May 8, 1975, and the phase of the moon on this date. 


Solution.— 
May 8 May 9 
LMT 0923 LMT 1006 meridian transit, from graph 
dy (+)12 dy (+)12 
ZT 0935 ZT 1018 meridian transit 
semidur. 7°559™ semidur. 9"15™ from graph 
ZT 0136 ZT 0103 (moonrise—semidur.) 
ZT 1734 ZT 1933 (moonset + semidur.) 
Moonrise Moonset 
ZT 0136 May 8 ZT 1734 May 8 
ZT 0103 May 9 ZT 1933 May 9 
diff. (—)33 diff. (+)119 
33 X 108.0/360 (—)10 119X108.0/360 (+)36 
ZT 0126 ZT 1810 


The phase is crescent, about two days before new moon. The LMT of meridian 
transits are found by noting the intersections of the vertical date lines with the dot 
scale near the top of the graph, interpolating by eye. At longitude 108°00‘0 W the 
ZT is 12™ later. The semiduration is found by noting the position, with respect to the 
semiduration curves, of the intersection of the vertical date line with the horizontal 
latitude line. This interval is subtracted from the time of meridian transit to obtain 
moonrise, and added to obtain moonset. These solutions are made for both May 8 
and 9, and the difference determined in minutes. The adjustment to be applied to 
the ZT on May 8 at Greenwich is determined by multiplying this difference by the 
ratio \/360. The phase is determined by noting the position of the vertical date line 
with respect to the phase symbols. If the answer indicates that the phenomenon occurs 
on a date differing from that desired, a new solution should be made, adjusting the 
starting date accordingly. The phenomenon may occur twice on the same day, or it 
may not occur at all. In high latitudes the effect on the time of moonrise and moonset 
of a relatively small change in declination is considerably greater than in lower latitudes, 
resulting in greater differences from day to day. 

Sunlight, twilight, and moonlight graphs are not given for south latitudes. Beyond 
latitude 65°S, the northern hemisphere graphs can be used for determining the semi- 
duration or duration, by using the vertical date line for a day when the declination 
has the same numerical value but opposite sign. The time of meridian transit and the 
phase of the moon are determined as explained above, using the correct date. Between 
latitudes 60°S and 65°S solution is made by interpolation between the tables and the 
graphs. 

Several other methods of solution of these phenomena are available. The Tide 
Tables tabulate sunrise and sunset from latitude 76°N to 60°S. A supplement to the 
American Ephemeris of 1946, entitled Tables of Sunrise, Sunset, and Twilight, provides 


CALCULATIONS OF CELESTIAL NAVIGATION 031 


tabulations from latitude 75°N to 75°S and graphs for semiduration of sunlight and 
duration of twilight, with separate graphs for civil, nautical, and astronomical twilights. 
Semiduration or duration can be determined graphically by means of a diagram on 
the plane of the celestial meridian (art. 507), or by computation. When computation 
is used, solution is made for the meridian angle at which the required negative altitude 
occurs. The meridian angle expressed in time units is the semiduration in the case of 
sunrise, sunset, moonrise, and moonset; and the semiduration of the combined sunlight 
and twilight, or the time from meridian transit at which morning twilight begins or 
evening twilight ends. For sunrise and sunset the altitude used is (—)50’. Allowance 
for height of eye can be made by algebraically subtracting (numerically adding) the 
dip correction from this altitude. The altitude used for twilight is (—)6°, (—)12°, or 
(—)18° for civil, nautical, or astronomical twilight, respectively. The altitude used for 
moonrise and moonset is —34’—SD+HP, where SD is semidiameter and HP is hori- 
zontal parallax, from the daily pages of the Nautical Almanac. 

731. Rising, setting, and twilight at a moving craft.——Instructions given in the 
preceding three articles relate to a fixed position on the earth. Aboard a moving craft 
the problem is complicated somewhat by the fact that time of occurrence depends 
upon position of the craft, and vice versa. At ship speeds, it is generally sufficiently 
accurate to make an approximate mental solution, and use the position of the vessel 
at this time to make a more accurate solution. If higher accuracy is required, the 
position at the time indicated in the second solution can be used for a third solution. 
If desired, this process can be repeated until the same answer is obtained from two con- 
secutive solutions. However, it is generally sufficient to alter the first solution by 1™ 
for each 15’ of longitude that the position of the craft differs from that used in the solu- 
tion, adding if west of the estimated position, and subtracting if east of it. In applying 
this rule, use both longitudes to the nearest 15’. The first solution is known as the 
first estimate; the second solution is the second estimate. 


Latitude by Meridian Transit 


732. Meridian altitudes.—The latitude of a place on the surface of the earth, 
being its angular distance from the equator, is measured by an arc of the meridian 
between the zenith and the equator, and hence is equal to the declination of the zenith; 
therefore, if the zenith distance of any heavenly body when on the meridian be known, 
together with the declination of the body, the latitude can be found. 

Figure 732a shows the celestial sphere surrounding the earth: P,MP, is the upper 
branch of a celestial meridian and LL’ a portion of the corresponding geographic 
meridian. The declination of a body at M (arc QM) is numerically equal to the latitude 
of its geographical position at GP. The zenith distance of a body is equivalent to the 
distance on earth between the geographical position of the body and the position of the 
observer. In figure 732a the zenith distance of M is 30° and its declination is 20°N. 
If the body is on the meridian, the GP is also on the meridian. Since P,, Z, and M are 
all on the celestial meridian, the navigational triangle flattens out to a line. The ob- 
server is 30° north of the GP (L 50°N) if the body is seen to bear south, or 30° south 
of the GP (L’ 10°S) if the body is seen to bear north. The navigator knows whether 
the GP is north or south, because it is the same as the direction he faces when making 
his observation. 

In the diagram on the plane of the celestial meridian shown in figure 732b, M is 
the position of a celestial body north of the equator but south of the zenith; QM is 
the declination of the body; SM is the altitude (h); and MZ is the zenith distance (z). 
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Ficur®5 732a.—Body on celestial meridian. 


From the diagram: 


QZ=QM+ MZ, or 
L=d-+z. (19) 


With attention to the direction of the 
GP and the name of the declination, the 
above equation may be considered general 
for any position of the body at upper 
transit, as M, M’, M’’. 

When the body is below the pole, 
as at M’’’—that is, at its lower transit— 
the same formula may be used by sub- 
stituting 180°—d for d. Another solution 
is given in this case by observing that: 


Na 


Fe. rr ver 
Ficure 732b.—Diagram on the plane of the NP,=P,M™+NM™, or 
celestial meridian. L=p-+h. (20) 
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By drawing that half of the diagram on the plane of the celestial meridian 
containing the zenith, the proper combination of zenith distance and declination is 
made obvious, as shown in the following examples: 

Example 1.—The navigator observes the sun on the meridian, bearing south. The 
declination of the sun is 10°00‘0N; the corrected sextant altitude (Ho) is 60°00/0. 

Required.—The latitude. 


l 
Solution. — L=z+d. nr, 
90°00/0 (ea Z oy 
Ho 60°00/0 Z ‘ap 
z 30°00/0 M + 
d  10°00/0N p Q 
LL. 40°00‘0N i rare: 
N 5) 


Figure 732c.—Meridian altitude diagram. 


Example 2.—The navigator observes the sun on the meridian, bearing south. The 


declination of the sun is 10°00‘0S; the corrected sextant altitude (Ho) is 65°00/0. 
Required.—The latitude. 


Solution.— L=z—d. ” L yy j 
90°00/0 a ie 
Ho 65°00/0 Z / / 
z 25°00/0 Q M 
d 10°00/0S 
L 15°00/0N ee 
=7- 
Fh 
N S 


Figurkr 732d.— Meridian altitude diagram. 


Example 8.—The navigator observes the sun on the meridian, bearing north. The 


declination of the sun is 20°00/0S; the corrected sextant altitude (Ho) is 60°00‘0. 
Required.—The latitude. 


Solution.— L=z-d. 


90°00/0 Nest se 
Ho —_60°00/0 we 7 
z  30°00/0 hy ae Em 
d 2020008 MA Ps 
L  _50°00/0S Q 
L=z+d 
N S 


Fiaurn 732e.—Meridian altitude diagram. 
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Example 4.—The navigator observes the sun on the meridian, bearing north. The 


declination of the sun is 23°00/0N; the corrected sextant altitude (Ho) is 72°00'0. 
Required.—The latitude. 


. d 
Solution.— L=d—z. | 
Tale 
90°00/0 ui! 
Ho 72°00/0 \ | | 
z 18°00/0 m _2Q 


d 23°00/0N 

L ~ 5°00/0N L=d-z 
Ph 
N 5 


Figure 732f.— Meridian altitude diagram. 


Example 5.—In the vicinity of the equator, the navigator observes the sun on 
the meridian, bearing north. The declination of the sun is 22°05‘0N; the corrected 


sextant altitude (Ho) is 67°45/0. [ 
Required.—The latitude. >< 
Solution. — L=z—d. Nem 4—I 
90°00/0 ver! at 
Ho 67°45/0 \ QZ 
z 22°15/0 M 
d 22°05/0N 7 
L ~0°10708 L=z-d 
Ps 
N S 


Figure 732g—Meridian transit in the vicinity of 
the equator. 


Example 6—The navigator in high northern latitudes observes the sun on the 
celestial meridian, bearing north. The declination of the sun is 18°46‘0N; the corrected 
sextant altitude (Ho) 1s 6922/0. 


Required.—The latitude. Ph 2 
Solution.— L=(180°—d) —z, or 
Loprh. L= (180°-d)—2, or 
L=p+h 
90°00/0 
Ho — 6°22/0 v Q 
Z # 83°38'0 N - 
180°—d 161°14‘0N ge ae 
di ~ -77°36°0N 2 


Ficure 732h.—Meridian altitude at lower transit. 
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Since the sun’s GP is 83°38/0 north of the observer in high northern latitudes, 
the GP is beyond the pole, or on the lower branch of the observer’s meridian. 

If an observation is made near but not exactly at meridian transit, it can be solved 
as a meridian altitude, with one modification. Enter table 29 with the approximate 
latitude of the observer and the declination of the body, and take out the altitude 
factor (a). This is the difference between meridian altitude and the altitude one minute 
of time later (or earlier). Next, enter table 30 with the altitude factor and the difference 
of time between meridian transit and the time of observation, and take out the correc- 
tion. Add this value to Ho if near upper transit, or subtract it from Ho if near lower 
transit. Then proceed as for a meridian altitude, remembering that the value obtained 
is the latitude at the time of observation, not at the time of meridian transit. This 
method should not be used beyond the limits of table 30 unless reduced accuracy is 
acceptable. This process is called reduction to the meridian, the altitude before adjust- 
ment an ex-meridian altitude, and the observation an ex-meridian observation. It 
requires knowledge of the meridian angle, which depends upon knowledge of longitude. 

733. Finding time of meridian transit.—If a meridian altitude is to be observed 
other than by chance, a knowledge of the time of transit of the body across the meridian 
is needed. 

On a slow-moving vessel, or one traveling approximately east or west, the time 
need not be known with great accuracy. The right-hand daily page of the Nautical 
Almanac gives the GMT of transit of the sun and moon across the Greenwich meridian 
(approximately LMT of transit across the local meridian) under the heading ‘‘Mer. 
Pass.’”’ In the case of the moon, an interpolation should be made for longitude. This 
is performed in the same manner as finding the LMT of moonrise and moonset (art. 
730). In the case of planets, the tabulated accuracy is normally sufficient without 
interpolation. The time of transit of the navigational planets is given at the lower 
right-hand corner of each left-hand daily page of the Nautical Almanac. The tabulated 
values are for the middle day of the page. These times are the GMT of transit across 
the Greenwich meridian, but are approximately correct for the LMT of transit across 
the local meridian. Observations are started several minutes in advance and continued 
until the altitude reaches a maximum and starts to decrease (a minimum and starts 
to increase for lower transit). The greatest altitude occurs at upper transit (and the 
least at lower transit). This method is not reliable if there is a large northerly or 
southerly component of the vessel’s motion, because the altitude at meridian transit 
changes slowly, particularly at low altitudes. At this time the change due to the vessel’s 
motion may be considerably greater than that due to apparent motion of the body 
(rotation of the earth), so that the highest altitude occurs several minutes before or 
after meridian transit. 

If the moment at which the azimuth is 000° or 180° can be determined accurately, 
the observation can be made at this time. However, this generally does not provide 
a high order of accuracy. 

If the longitude is known with sufficient accuracy, the time of transit can be 
computed. A number of methods of computation have been devised, but perhaps the 
simplest is to consider the GHA of the body equal to the longitude if west, or 360°-X 
if east, and find the time at which this occurs. 
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_ Example 1.—Find the zone time of meridian transit of the sun at longitude 156° 
44‘/2W on May 31, 1975. 
Solution.— 
May 31 
» 156°44:2W 
GHA 156°44/2 
22" 150°36/1 


24™32° 6°08/1 
GMT 22"24™32* May 31 
ZD (+)10 (rev.) 


ZT 12°24"32" 


This solution is the reverse of finding GHA. The largest tabulated value of GHA 
that does not exceed the desired GHA is found in the tabulation for the day, and 
recorded, with its time. The difference between this value and the desired GHA is 
then used to enter the ‘Increments and Corrections” table. The time interval cor- 
responding to this value is added to the time taken from the daily page. If there is a v 
correction, it is subtracted from the GHA difference before the time interval is deter- 
mined. The GMT can be converted to any other kind of time desired. If the Greenwich 
date differs from the local date at the time of transit (for the sun this can occur only 
near the 180th meridian), a second solution may be needed. This possibility can often 
be avoided by making an approximate mental solution in advance. As the basis for this 
approximate solution, it is convenient to remember that the GMT of Greenwich transit 
(GHA 0°) is about the same as the LMT of local transit. To find the time of transit of a 
star, subtract its SHA from the desired GHA to find the desired GHA . Determine the 
time corresponding to GHA, as explained above for the sun. 


Aboard a moving vessel, the longitude at transit usually depends upon the time 
of transit. An approximate mental solution may provide a time sufficiently close. In 
the absence of better information, use ZT 1200 for the sun. Find the time of transit 
for the position at this time, and then make an adjustment, if necessary, for the sun 
between 1200 and the time found by computation. This adjustment is equal to four 
seconds for each minute of longitude involved. If the ship is west of the 1200 position 
at the computed time of transit, add the correction; and if east, subtract it. The result is 
the first estimate of the zone time of local apparent noon (LAN) or of meridian transit. 
For high accuracy a second adjustment may occasionally be needed, but this is seldom 
justified because of the uncertainty of the vessel’s position. If the second adjustment is 
made, the result is the second estimate. 


LMT 1158 
ZT 1226 


¢ 299 
5 20 


1200 


Eb Carb 


Figure 733.—Time of meridian passage. 
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The time of transit of the sun can also be found by means of apparent time (art. 
611). Meridian transit occurs at LAT 12°00"00%. This can be converted to any other 
kind of time desired. 

Example 2.—Find the zone time of meridian transit of the sun as observed aboard a 
ship steaming at 20 knots on course 255° on May 31, 1975, using the positional data 
given in figure 733. 


Solution.— 
May 31 
360°00/0 
nN 112°55/0E 
GHA 247°05/0 


45 240°37.7 
25™498 6°27/3 
GMT 4525™49° May 31 
ZD(—)8 (rev.) 


AT, 1225™49° 
dy (+) 0™368 
ZT 12°26™25° (first estimate) 


The second estimate of the zone time of meridian transit is found by plotting the 
DR position for the first estimate of the zone time of transit and then applying the dd 
between this DR and the 1200 DR to the time found by computation. 


ZT 12"25™49° 
dy (+)0™378 
Za. 12°26™26° (second estimate) 


As shown in figure 733, the zone times of meridian transit are noted on several 
successive meridians. This is accomplished by extracting the LMT of meridian transit 
from the daily page of the Nautical Almanac and converting this time to the zone time for 
each meridian. The time when the ship and the sun are on the same meridian can then 
be obtained by inspection to within approximately one-half minute. 


Polaris 


734. Latitude by Polaris.—Another special method of finding latitude, available 
in most of the northern hemisphere, utilizes the fact that Polaris is less than 1° from 
the north celestial pole. As indicated in article 507, the altitude of the elevated pole 
above the celestial horizon is equal to the latitude. Since Polaris is never far from the 
pole, its observed altitude (Ho), with suitable correction, is the latitude. 

The nature of this correction as tabulated in the Air Almanac is suggested by 
inspection of figure 734b in which the circle represents the path of Polaris around the 
north celestial pole (P,,), as seen by an observer on earth looking along the axis P,P, 
(fig. 734a). The line ab represents a small portion of the observer’s meridian. Polaris is 
at upper transit at @ and at lower transit at 6. This is also shown in figure 734b, to 
larger scale. Latitude is equal to the altitude minus the polar distance (p) when Polaris 
is at a and plus the polar distance when it is at b. When the star is at any point c, the 
Polaris correction is polar distance times the cosine of the local hour angle (corr.=p 
cos LHA). Thus, the correction is a function of LHA of the star, and hence also of 
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Z 


b 


Figure 734b.—The correction is 
(—)aPn when Polaris is at a and 


Figure 734a.— Latitude is equal to the (1) decli- (+)bPn when at b. At any point c 
nation of the zenith and (2) the altitude of the correction is peosLHA. At B or 
the elevated pole. Compare with figure 734b. B’ the correction is zero. 


LHA‘Y, insofar as the difference between these quantities (the SHA) can‘be considered 
constant. 


Although the above method usually provides sufficient accuracy for air navigation, 
a higher degree of accuracy may be obtained by use of Polaris correction tables included 
in the Nautical Almanac. These tables are based on the following formula: 


Latitude—corrected sextant altitude=—p cos h+¥% p sin p sin’ A tan (latitude), 


where p=polar distance of Polaris=90°— Dec. 
h=local hour angle of Polaris=LHA Aries+SHA. 


The value a, which is a function of LHA Aries only, is the value of both terms of 
the above formula calculated for mean values of the SHA and Dec. of Polaris, for a 
mean latitude of 50°, and adjusted by the addition of a constant (58/8). The value a, 
which is a function of LHA Aries and latitude, is the excess of the value of the second 
term over its mean value for latitude 50°, increased by a constant (0'6) to make it 
always positive. The value a2, which is a function of LHA Aries and date, is the correc- 
tion to the first term for the variation of Polaris from its adopted mean position; it is 
increased by a constant (0/6) to make it positive. The sum of the added constants is 1°, 
so that: 

Latitude= corrected sextant altitude—1°+a,+a,+ a. 


The table at the top of each Polaris correction page is entered with LHA Aries, 
and the first correction (a)) is taken out by single interpolation. The second and third 
corrections (a, and ad, respectively) are taken from the double entry tables without 
interpolation, using the LHA Aries column with the latitude for the second correction 
and with the month for the third correction. 

Example 1.—During morning twilight on June 2, 1975, the 0525 DR position of a 
ship is lat. 15°43/6N, long. 110°07‘3W. At watch time 5°24™49° am the navigator ob- 
serves Polaris with a marine sextant having an IC of (—)3/0, from a height of eye of 
44 feet. The watch is 23° slow on zone time. The hs is 16°24/0. 


Required.—The latitude. 
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Solution.— 
June 2 Polaris + he ~ 
WT 5°24™49° am + — te 3/0 
WE (S)238 @ 3862 D 6/4 
Le ea a, 0/3 sv-P 3/3 
ZD (+) 7 a 0/3 sum (—)12°7 
GMT 42°25" 12" June 2 add’] 60/0 corr. (—)12°7 
125 70°20/2 sum 38/8 60/0 hs 16°24/0 
2p mltZs 6°19/0 corr. (—)21/2 Ho 16°11/73 
GHAY 76°39/2 
Ma yhlOsan aw. 
Ig AS; 326°31/9 
Ho 1621173 
corr. (—)21/2 
L 15°50/1N 


Since LHA 7 is an entering value in all three correction tables, and since this is 
affected by the longitude, other observations, if available, should be solved and plotted 
first, to obtain a good longitude for the Polaris solution. For greater accuracy, par- 
ticularly in higher latitudes, and especially if considerable doubt exists as to the longi- 
tude, it is good practice to find the azimuth of Polaris and draw the line of position 
perpendicular to it, through the point defined by the latitude found in the computation 
and the longitude used in the solution. The azimuth at various latitudes to 65°N is 
given below the Polaris corrections. This table can be extrapolated to higher latitudes, 
but Polaris would not ordinarily be used much beyond latitude 65°. In the example 
given above the azimuth is 000°8. 

The Air Almanac provides only the first correction, which it designates Q. 

Polaris observations can be solved like those of other celestial bodies, using the 
declination and SHA given in the tabulation near the back of the Nautical Almanac. 

The Polaris correction table in the Air Almanac lists the correction Q to be applied 
to the sextant altitude of Polaris to give the latitude of the observer. The correction 
is given in a critical table, with argument LHA Aries (Y) obtained from the daily 
pages. The effect of refraction is not included and so the sextant altitude must be 
fully corrected before use. 

Example 2.—On 1 June 1975 at GMT 0253™32° in longitude 49°18’W. the cor- 
rected sextant altitude of Polaris is 54°46’. 

Required.—The latitude. 


Solution.— 
GMT 2°53™32° June l Corr. sextant altitude 54°46’ 
2550" 291°28’ Q (LHAT, 243°03’) (+) 44’ 
onaee 0°53’ Latitude 55°30’ 
GHA 7 |) 292°21’ 


A  49°18’W 
LHA T = 243°03’ 


CHAPTER VIII 
SEXTANT ALTITUDE CORRECTIONS 


801. Need for correction.—Altitudes of celestial bodies, obtained aboard ship for 
the purpose of establishing lines of position, are normally measured by a hand-held 
sextant, described in volume I. The uncorrected reading of a sextant after such an 
operation is called sextant altitude (hs). If the sextant is in proper adjustment, certain 
sources of error are eliminated, as explained in volume I. There remains, however, 
a number of sources of error over which the observer has little or no control. For each 
of these he applies a correction. When all of these sextant altitude corrections have 
been applied, the value obtained is the altitude of the center of the celestial body above 
the celestial horizon, for an observer at the center of the earth. This value, called 
observed altitude (Ho), is compared with the computed altitude (Hc) to find the altitude 
intercept (a) used in establishing a line of position as explained in chapter IX. 

Articles 802-829 describe the various corrections. For highly accurate results, 
all of these are needed to the greatest accuracy obtainable. The needs of ordinary 
practical navigation, however, make no such exacting requirements, and in the course 
of his usual day’s work at sea, the navigator has relatively few corrections to apply, 
from conveniently-arranged tables readily accessible to him. The detailed information 
in articles 802-829 is given to (1) provide the basis for a better understanding of the 
problem, (2) furnish the information needed for evaluation of results, and (3) provide 
a source of reference material beyond that given in the usual navigation text. 

802. Instrument correction (I) is the combined correction for nonadjustable 
errors (prismatic error, graduation error, and centering error) of the sextant, as ex- 
plained in volume I. Usually, this correction is determined by the manufacturer, and 
recorded on a card attached to the inside of the top of the sextant box. It varies with 
the angle, may be either positive or negative, and is applied to all angles measured 
by that instrument. For a well-made instrument, the maximum value is so small that 
this correction can be ignored for all except the most accurate work. Normally, instru- 
ment error of artificial-horizon sextants is so small, considering the precision to which 
angles can be measured by such instruments, that no correction is provided. 

803. Index correction (IC), due primarily to lack of parallelism of the horizon glass 
and index mirror at zero reading, is discussed in volume I. Until the adjustment is 
disturbed, the index correction remains constant for all angles, and is applicable to all 
angles measured by the instrument. It may be either positive or negative. Normally, 
artificial-horizon sextants do not have index corrections. 

804. Personal correction (PC) is numerically the same as personal error (volume 
I), but of opposite sign, either positive or negative. If experience indicates the need 
for such a correction, it should be made to altitudes of the bodies to which it applies. 
However, the observer should be sensitive to changes in its value. Unless the observer 
has sufficient evidence to be sure of the existence and relative constancy of a personal 
error, no correction should be applied. 

805. Dip (D) of the horizon is the angle by which the visible horizon (art. 505) 
differs from the horizontal at the eye of the observer (the sensible horizon, art. 505). 
Thus, it applies only when the visible horizon is used as a reference, and not when an 
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artificial horizon, either internal or external to the sextant, is used. It applies to all 
celestial bodies. If the eye of the observer were at the surface of the earth, visible 
and sensible horizons would coincide, and th» would be no dip. This is never the 
situation aboard ship, however, and at any height above the surface, the visible horizon 
is normally below the sensible horizon, as shown in figure 505a. Normally, then, an 
altitude measured from the visible horizon is too great, and the correction is negative. 
It increases with greater height of the observer’s eye. Because of this, it is sometimes 
called height of eye correction. 


If there were no atmospheric refraction, dip would be the angle between the 
horizontal at the eye of the observer, and a straight line from this point tangent to 
the surface of the earth. 


The amount by which refraction alters dip varies with changing atmospheric 
conditions. Even the average value has not been established with certainty, and several 
methods of computing dip have been proposed. The values given in the critical table 
on the inside front cover of the Nautical Almanac were computed by the equation 


D=0.97Vh, 


where D is the dip, in minutes of arc; and h is the height of eye of the observer, in feet. 
Part of this table is repeated on the page facing the inside back cover. The Air Almanac 
table was computed independently by a different method, to a precision of whole 
minutes. The minor discrepancies thus introduced are not important in practical 
navigation. 

The values given in the table are satisfactory for practical navigation under most 
conditions. An investigation by the Carnegie Institution of Washington showed that 
of 5,000 measurements of dip at sea, no value differed from the tabulated value by 
more than 2/5, except for one difference of 10/6. Extreme values of more than 30’ 
have been reported, and even values of several degrees have been encountered in polar 
regions. Greatest variations from tabulated values can be expected in calm weather, 
with large differences between sea and air temperatures, particularly if mirage effects 
are present. Irregularities in the shape of the rising or setting sun may indicate abnor- 
mal conditions. Large variations may also be present shortly after passage of a squall 
line, when errors of as much as 15’ have been reported. When a temperature inversion 
is known to exist, the tabulated dip may be too small, numerically. The effect of sea-air 
temperature difference is discussed in greater detail in article 814. 

In the determination of height of eye, position on the ship should be considered, 
and also the condition of loading and trim. If an observation is made from a position 
differing from the usual place, the altered height of eye should not be overlooked. 
Momentary changes due to rolling and pitching can be neutralized, to a large extent, 
by making observations from a point on the center line of the vessel, at the axis of pitch. 


Since variations from normal dip may be one of the principal sources of error in 
celestial observations, the observer should be alert to conditions affecting terrestrial 
refraction. Any observation taken within half an hour after passage of a squall line 
should be regarded as unreliable. 

If dip cannot be measured, the effects of abnormal conditions can be minimized 
by observing three bodies differing in azimuth by about 120° (or four bodies by 90°, 
five bodies by 72°, etc.). If the error is constant in all directions, its effect is to increase 
(or possibly to decrease) the size of the closed figure iormed by the lines of position 
without altering the position of its center. Hence, the size of the figure is not necessarily 
an indication of the accuracy of the fix. 
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If land, another ship, or other obstruction is between the observer and his horizon, 
an altitude can be measured by using the water line of the obstruction as a horizontal 
reference, if its distance from the observer is known. In this case the dip is greater than 
that given in the almanacs. Table 22 gives the values to be used. 

Further discussion of refraction is given in article 806. When abnormal astro- 
nomical refraction occurs, abnormalities in terrestrial refraction can be expected. 


806. Refraction (R).—Light, or other radiant energy, is assumed to travel in a 
straight line at uniform speed, if the medium in which it is traveling has uniform 


Figure 806a.—No refraction oc- Figure 806b.—A ray entering a 
curs when light enters denser denser medium at an oblique 
medium normal to the surface. angle is bent toward the normal. 


properties. But if light enters a medium of different properties, particularly if the 
density is different, the speed of light changes somewhat. Light from a single point 
source travels outward in all directions, in an expanding sphere. At great distances, a 
small part of the surface of this sphere can be considered flat, and light continuing to 
emanate from the source can be considered similar to a series of waves, in some re- 
spects resembling the ocean waves encountered at sea. If these light “‘waves’’ enter a 
more dense medium, as when they pass from air into water, the speed decreases. If 
the light is traveling in a direction perpendicular to the surface separating the two 
media (in this case vertically downward), all parts of each wave front enter the new 
medium at the same time, and so all parts change speed together, as shown in figure 
806a. But if the light enters the more dense medium at an oblique angle, as shown in 
figure 806b, the change in speed occurs progressively along the wave front as the dif- 
ferent parts enter the more dense medium. This results in a change in the direction of 
travel, as shown. This change in direction of motion is called refraction. If light enters 
a more dense medium, it is refracted toward the normal (NN’), as in figure 806b. If it 
enters a less dense medium, it is refracted away from the normal, as light traveling in the 
opposite direction to that shown in figure 806b. 

The amount of the change in direction is directly proportional to the angle between 
the direction of travel and the normal (angle ABN in figure 806b). The ratio of this 
angle to the similar angle after refraction takes place (angle CBN’ in figure 806b) 
is constant, so that as one increases, the other increases at the same rate. Hence, the 
difference between them (the change in direction) also increases at the same rate. 
Therefore, if the incident ray (AB) is nearly parallel to the surface at which refraction 
takes place, relatively large amounts of refraction occur. 

The amount of refraction is also directly proportional to the relative speed of travel 
in the two media. Various substances are compared by means of a number called the 
index of refraction (u), which depends primarily upon the density of the substance. 
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In figure 806b, angle ABN is called the angle of incidence (¢) and angle CBN’ the 
angle of refraction (6). These are related by Snell’s law, which states that the sines 
of the angle of incidence and angle of refraction are inversely proportional to the indices of 
refraction of the substances in which they occur. Thus, if u; is the index of refraction of the 
substance in which ¢ occurs, and yu, is the index of refraction of the substance in which 
6 occurs 

SIN > by 

sin 9 M1 


If the index of refraction changes suddenly, as along the surface separating water 
and air (as shown in fig. 806b), the change in direction is equally sudden. However, 
if a ray of light travels through a medium of gradually changing index of refraction, 
its path is curved, undergoing increased refraction as the index of refraction continues 
to change. This is the situation in the earth’s atmosphere, which generally decreases in 
density with increased height. The gradual change of direction occurring there is called 
atmospheric refraction. The bending of a ray of light traveling from a point on or near 
the surface of the earth, to the eye of the observer, is called terrestrial refraction. 
This affects dip of the horizon, as discussed in article 805. A ray of light entering the 
atmosphere from outside, as from a star, undergoes a similar bending called astronomical 
refraction. 

The effect of astronomical refraction is to make a celestial body appear higher 
in the sky than it otherwise would, as shown in figure 806c. If a body is in the zenith, 
its light is not refracted, except for a very slight amount when the various layers of 
the atmosphere are not exactly horizontal. As the zenith distance increases, the re- 
fraction becomes greater. At an altitude of 20° it is about 2/6; at 10°, 5/3; at 5°, 9/9; 
and at the horizon, 34/5. A table of refraction is given on the inside front cover and 
facing page of the Nautical Almanac, in the columns headed ‘Stars and Planets.” 
As height above the surface of the earth increases, light from an outside source travels 

through less of the atmosphere, 

»” Apparent Position and refraction decreases. At 

2 shipboard heights the difference 
ot is negligible, but at aircraft 


rh meu ae heights the change is a consid- 
& eration. Therefore, the refrac- 
ts tion table given near the back . 


of the Air Almanac is a double- 
entry table. ; 
The values given in the 

G tables are for average condi- 
‘ : tions. This is called mean re- 

Figure 806c.—Astronomical refraction. fraction. A considerable amount 

of research has been conducted 

to determine the mean values, the conditions under which values differ from the mean, 
and the amount of such differences. A number of different mean refraction tables have 
been produced. Values in the various tables differ slightly because of different assump- 
tions, different methods of observation, and different observed results under apparently 
similar conditions. This last source of difference is due primarily to the fact that condi- 
tions could be determined at the position of the observer, but not at various points 
along the line traveled by the ray of light in passing through the atmosphere. Never- 
theless, the various tables agree very well down to a minimum altitude of 2°. Below 
this, the refraction is erratic, and differences between values in the various tables are 
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not as important as differences between mean and instantaneous values. The values 
given in the almanac tables are in excellent agreement with those actually measured. 

Because of their variability, refraction and dip (also affected by refraction) are 
the principal uncertainties in the accuracy of celestial observations of a careful observer. 
As a result of this uncertainty, navigators formerly avoided all observations below some 
arbitrary altitude, usually 15°. While this is still good practice if higher bodies are 
available, the growing knowledge of atmospheric refraction has increased the confi- 
dence with which navigators can use low-altitude sights. There is little reason for lack 
of confidence in sights as low as 5°. Below this, other available corrections should be 
applied (art. 828). If altitudes below 2° are used, larger probable errors should be 
anticipated, even with the use of additional corrections. Generally, the error in tabu- 
lated refraction should not exceed two or three minutes, even at the horizon. However, 
a knowledge of conditions affecting refraction is helpful in determining the confidence 
to be placed in such observations. Since refraction elevates both the celestial body and 
the visible horizon, the error due to abnormal refraction is minimized if the visible 
horizon is used as a reference. 

The atmosphere contains many irregularities which are erratic in their influence 
upon refraction. Normally, the navigator has not the information needed to correct 
for such conditions, but only to recognize their existence. He must recognize that those 
observations made within half an hour after passage of a squall line might be consider- 
ably in error. The passage of any front might have a similar effect. A temperature inver- 
sion (volume I) may upset normal refraction. Abnormal values may be expected when 
there is a large difference between the temperature of the sea and air. With an absence 
of wind, the air tends to form in layers. When this condition becomes extreme, mirage 
effects occur. Sometimes the rising or setting sun or moon appears distorted. Multiple 
horizons may appear, and other ships or islands may seem to float a short distance 
above the water. Under any such conditions large errors in refraction might be 
encountered. 

Conditions causing abnormal refraction can be expected to occur with considerable 
frequency in the vicinity of the Grand Banks, along the west coast of Africa from 
Mogador to Cap Blanc and from the Congo to the Cape of Good Hope, in the Red Sea 
and the Persian Gulf, and over ice-free water in polar regions. Abnormal refraction 
may be encountered when offshore winds blow from high, snow-covered mountains to 
nearby tropical seas, as along the west coast of South America; where cold water from 
large rivers such as the Mississippi flows into warm sea water; when a strong current 
flows past a bay or coast, causing colder water to be drawn to the surface, as in the Bay 
of Rio de Janeiro and Santos, and along the Atlantic coast of Africa between Cape 
Palmas and Cape Three Points during the time of the southwest monsoon; and along 
the east coast of Africa in the vicinity of Capo Guardafui during the summer. In the 
temperate zones abnormal refraction is most common during the spring and summer. 

Of the more systematic errors which affect refraction, two can be evaluated, and 
corrections applied. These are for air temperature (art. 807) and atmospheric pres- 
sure (art. 808). However, these corrections are based upon assumed standard gradients 
(changes) with height. Temperature gradients are known to vary with type of weather, 
time of day, season, etc., as well as in a more irregular manner. The various layers of 
the atmosphere are assumed to be horizontal to the surface, but this is not always the 
situation. When they tilt, refraction changes. No correction for this cause is available. 

Humidity has a relatively slight effect on refraction. In completely dry air, astro- 
nemical refraction at the horizon (sometimes called horizontal refraction) is perhaps 
0'1 greater than the tabulated value. In very moist air, sometimes encountered in the 
tropics, the maximum refraction might possibly decrease by as much as 0/2. 
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Wind speed is believed to have some effect upon refraction and dip. Apparently, 
refraction increases as wind speed becomes greater, the amount of change increasing 
in direct proportion to the square of the wind speed. At 20 knots the change is believed 
to be about 0/1 at the horizon, and 0715 at altitude 2°. At 30 knots these values are 
approximately doubled. 

Latitude has a slight effect upon refraction because of the decrease in the radius 
of the earth and the increase of gravity as latitude increases. Both radius and gravity 
affect density of the atmosphere, and hence refraction. Because of this, mean horizontal 
refraction is decreased about 0/2 to 0/3 at the equator, and increased about an equal 
amount at the poles. For normal altitudes the change is negligible. 

Azimuth may have an effect at some locations. The reason for this is not entirely 
clear, but is believed to be due to a somewhat permanent tilt of certain atmospheric 
layers. A series of observations at a location in Germany indicated a difference of as 
much as 0‘5 between northerly and southerly observations of 0° altitude. At altitude 2° 
the difference was only 3”. The navigator normally does not have information required 
to apply such a correction, nor is it of navigational significance at normal altitudes. 
However, differences should be anticipated when the appearance of the horizon varies 
with azimuth, or large sea temperature differences exist within a few miles, as near the 
edge of the Gulf Stream. The same might be true near land, particularly in the tropics. 

Dispersion of light of various colors results in light from blue stars being refracted 
more than light from red stars. At the horizon the maximum correction would be 
about 2’’ for blue stars, and 8” for red stars. At 5° the amount would be less than one- 
third these values. 

Errors in the tables due to incorrect assumptions are probably too small to be of 
practical interest to the navigator. If increased knowledge indicates errors exist in 
the tables, corrected values will undoubtedly be provided. 

Since refraction causes celestial bodies to appear elevated in the sky, they are 
above the horizon longer than they otherwise would be. The mean diameter of the 
sun and moon are each about 32’, and horizontal refraction is 34/5. Therefore, the 
entire sun or moon is actually below the visible horizon when the lower limb appears 
tangent to the horizon. The effect of dip is to further increase the time above the 
horizon. Near the horizon the sun and moon appear flattened because of the rapid 
change of refraction with altitude, the lower limb being raised by refraction to a greater 
extent than the upper limb. 

As a correction to sextant altitudes, refraction is negative because it causes the 
measured altitude to be too great. It decreases with increased altitude, and applies to 
all celestial bodies, regardless of sextant or horizon used. 

807. Air temperature correction (T).—The Nautical Almanac refraction table is 
based upon an air temperature of 50° F (10° C) at the surface of the earth. At other 
temperatures the refraction differs somewhat, becoming greater at lower temperatures, 
and less at higher temperatures. Table 23 provides the correction to be applied to 
the altitude to correct for this condition. If preferred, this correction can be applied 
with reversed sign to the refraction from the almanac, and a single refraction applied 
to the altitude. A combined correction for nonstandard air temperature and nonstandard 
atmospheric pressure (art. 808) is given on page A4 of the Nautical Almanac. The 
correction for air temperature varies with the temperature of the air and the altitude 
of the celestial body, and applies to all celestial bodies, regardless of the method of 
observation. However, except for extreme temperatures or low altitudes, this correc- 
tion is not usually applied unless results of unusual accuracy are desired. 

808. Atmospheric pressure correction (B).—The Nautical Almanac refraction 
table is based upon an atmospheric pressure of 29.83 inches of mercury (1010 millibars) 
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at sea level. At other pressures the refraction differs, becoming greater as pressure in- 
creases, and smaller as it decreases. Table 24 provides the correction to be applied to 
the altitude for this condition. A combined correction for nonstandard air tempera- 
ture (art. 807) and nonstandard atmospheric pressure is given on page A4 of the 
Nautical Almanac. If the correction is to be applied to the refraction, reverse the 
sign. This correction varies with atmospheric pressure and altitude of the celestial 
body, and is applicable to all celestial bodies, regardless of the method of observation. 
However, except for extreme pressures or low altitudes, this correction is not usually 
applied unless results of unusual accuracy are desired. 

809. Irradiation correction (J).—When a bright surface is observed adjacent to a 
darker one, a physiological effect in the eye causes the brighter area to appear to be 
larger than is actually the case; conversely, the darker area appears smaller. This is 
called irradiation. Thus, since the sun is considerably brighter than the sky back- 
ground, the sun appears larger than it really is; and when the sky is considerably 
brighter than the water, the horizon appears slightly depressed. The effects on the 
horizon and lower limb of the sun are in the same direction and tend to cancel each 
other while the effect on the upper limb of the sun is in the opposite direction to that 
on the horizon and tends to magnify the effect. 

From 1958-1970 a correction of 1/2 was included in the Nautical Almanac data 
for the upper limb of the sun as an average correction for the effect of irradiation. 
Recent investigations have not supported that average value and have revealed that 
the magnitude of the effect depends on the individual observer, the size of the ocular, 
the altitude of the sun, and other variables. In summary, the accuracy of observations 
of the limb of the sun at low altitudes may be affected systematically by irradiation, 
but the size of the correction is so dependent upon the variables enumerated above 
that it is not feasible to include an average correction in the tables. 

810. Semidiameter (SD) of a celestial body is half the angle, at the observer’s 
eye, subtended by the visible disk of the body. The position of the lower or upper 
limb of the sun or moon with respect to the visible horizon can be judged with greater 
precision than that of the center of the body. For this reason it is customary, when 
using a marine sextant and the visible horizon, to observe one of the limbs of these two 
bodies, and apply a correction for semidiameter. Normally, the lower limb is used if it 
is visible. In the case of a gibbous or crescent moon, however, only the upper limb may 
be available. Semidiameter is shown in figure 812. 

The semidiameter of the sun varies from a little less than 15/8 early in July, when 
the earth is at its greatest distance from the sun, to nearly 16/3 early in January, when 
the earth is nearest the sun. In the Nautical Almanac the semidiameter of the sun at 
GMT 12° on the middle day of each page opening of the daily page section is given to 
the nearest 0‘1 at the bottom of the sun’s GHA column. The altitude correction tables 
of the sun, given on the inside front cover and facing page, are divided into two parts, 
to be used during different periods of the year. The mean semidiameter of each period 
is included in the tables of both upper and lower limb corrections. The semidiameter 
each day is listed to the nearest 0”01 in the American E:phemeris and Nautical Almanac. 
In the Air Almanac the semidiameter to the nearest 0/1 is given near the lower right- 
hand corner of each daily page. 

The moon undergoes a similar change in semidiameter as its distance from the 
earth varies. However, because of the greater eccentricity of the moon’s orbit than 
that of earth, the variation in semidiameter is also greater, varying between about 
14°7 and 168. The variation is more rapid, partly because of the greater spread of 
values, but principally because the moon completes its revolution in approximately 
one month, while the earth makes one revolution per year. In the Nautical Almanac, 
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semidiameter of the moon at 12" each day is given to the nearest 0/1 at the bottom of 
the moon data columns. The correction for semidiameter of the moon is included in 
the corrections given on the inside back cover and facing page. In the Air Almanac, 
semidiameter is given to the nearest whole minute, being shown on the daily pages, 
immediately below the value for the sun. The semidiameter at intervals of half a day 
is given to the nearest 0’01 in the American Ephemeris and Nautical Almanac. 

The navigational planets have small semidiameters. For Venus it varies between 
about 5” and 32”; for Mars, 2°7 to 12"6; for Jupiter, 16” to 25”; and for Saturn, 7” 
to 10”. The value for any date is given in the American Ephemeris and Nautical Al- 
manac, but not in the Nautical Almanac or Air Almanac because the apparent centers 
of these bodies are customarily observed. 

Stars have no measurable semidiameter. 

The computed altitude of a body refers to the center of that body, since the coordi- 
nates listed in the almanacs are for the center. If the lower limb is observed, the sextant 
altitude is Jess than the altitude of the center of the body, and hence the correction is 
positive. If the upper limb is observed, the correction is negative. The correction does not 
apply when the center of the body is observed, which is usually the case when an 
artificial-horizon sextant is used. With a marine sextant and either the natural or an 
artificial horizon, semidiameter is customarily applied to observations of the sun and 
moon, but not other celestial bodies. 


811. Phase correction (F).—Because of phase (fig. 812), the actual centers of 
planets and the moon may differ somewhat from the apparent centers. Average cor- 
rections for this difference are included in the additional corrections for Venus and 
Mars given on the inside front cover of the Nautical Almanac. They should be applied 
only when these bodies are observed during twilight. At other times the magnitude 
and even the sign of the correction might differ from those tabulated, because of a 
different relationship between the body and the horizon. The phase correction for 
navigational planets other than Venus and Mars is too small to be significant. 

A phase correction may apply to observations of the moon if the apparent center 
of the body is observed, as with an artificial-horizon sextant. However, no provision 
is made for a correction in this case; the need for it can be avoided by observing one of 


the limbs of the body. 

Phase correction does not apply to observations of the sun or stars. 

812. Augmentation (A).—As indicated in article 810, semidiameter changes 
with distance of the celestial body from the observer, becoming greater as the distance 
decreases. The semidiameter given in the ephemeris and used in the almanacs is for a 
fictitious observer at the center of the earth. If the celestial body is on the actual 
observer’s horizon, its distance is approximately the same as from the center of the 
earth; but if the body is in the zenith, its distance is less by about the radius of the 
earth (fig. 812). Therefore, the semidiameter increases as the altitude becomes greater. 
This increase is called augmentation. For the moon, the augmentation from horizon to 
zenith is about 0/3 at the mean distance of the moon. At perigee it is about 2” greater, 
and at apogee about 2” less. Augmentation of the sun from horizon to zenith is about 
1/24 of one second of arc. For planets it is correspondingly small, varying with the 
positions of the planets and the earth in their orbits. At any altitude the augmentation 
is equal to the sine of the altitude times the value at the zenith. 


Augmentation increases the size of the semidiameter correction, whether positive 
or negative. It is included in the moon correction tables on the inside back cover and 
facing page of the Nautical Almanac. It is not included in the correction tables of other 
bodies or in the Air Almanac tables. 
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Figure 812.—Semidiameter, phase, and augmentation. 
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813. Parallax (P) is the difference in apparent position of a point as viewed from 
two different places. If a finger is held upright at arm’s length and the right and left 
eyes closed alternately, the finger appears to move right and left a short distance. 
Similarly, if one of the nearer stars were observed from the earth and from the sun, 
it would appear to change slightly with respect to the background of more distant 
stars. This is called heliocentric parallax or stellar parallax. The nearest star has a 
parallax of less than 1”. Even if the value were greater, no correction to sextant altitudes 
would be needed, for the difference would be 
reflected in the tabulated position of the body. 74 


However, positions of celestial bodies 


| 

| 
are given relative to the center of the earth, ! M 
while observations are made from its surface. 
The difference in apparent position from these A! S 
two points is called geocentric parallax. If a B 


body is in the zenith, at Z in figure 813, there 

is virtually no parallax, for the line from the 

body to the center of the earth passes approxi- O C 
mately through the observer at A. Suppose, 

however, the moon is at M. From A it appears 

to be along the line AM, while at the center 

of the earth it would appear to be along OM. 

The altitude at A would be the angle SAM, Ficure 813.—Geocentric parallax. 
and that at O the angle COM. Angle COM is 

equal to angle SBM (art. 127), which is exterior to the triangle ABM, and hence equal 
to the sum of angles SAM and AMO (art. 128). 


Since 

ZOCOM= ZSBM= ZSAM-+ ZAMO, 
then 

ZAMO= ZCOM— ZSAM. 


That is, the angle at the body between lines to the observer and the center of the earth 
is equal to the difference in altitude at the two places. Angle AMO is the geocentric 
parallax. Since it varies with altitude, it is sometimes called parallax in altitude (P in A). 
The maximum value for a visible body occurs when that body is on the horizon, at S. 
At this position the value is called horizontal parallax (HP). 

The sine of horizontal parallax is equal to a where 7 is the radius of the earth, 
and D the distance of the body from the center of the earth. Thus, the sine of the 
horizontal parallax is directly proportional to the radius of the earth, and inversely 
proportional to the distance of the body. Since the earth is an oblate spheroid, and 
not ‘a sphere, the parallax varies slightly over different parts of the earth. The value 
at the equator, called equatorial horizontal parallax, is greatest, and the value at the 
poles, called polar horizontal parallax, is least. The difference is not enough to be of 
practical navigational significance. The parallax in altitude is equal almost exactly to 
the horizontal parallax times the cosine of the altitude (h). That is, 


P in A=HP cos h. 


The moon, being nearest the earth, has the greatest parallax of any celestial body 
used for navigation. The equatorial horizontal parallax at mean distance is 57’02"70. 
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As the distance of the moon varies, so does the parallax, becoming greater as the moon 
approaches closer to the earth, and less as it recedes, horizontal parallax varying several 
minutes each side of the value at mean distance. For the sun, mean equatorial hori- 
zontal parallax, called solar parallax, is 8”80. Differences in position on the earth, and 
distance from the sun, have small effect, the maximum variation due to the latter being 
about 0"15. Horizontal parallax of the planets varies considerably because of the large 
differences in their distances from the earth. For Venus the value varies between 5” 
and 32”; for Mars, 3” and 24”; for Jupiter, 1” and 2”; and for Saturn, 078 and 10. 
The geocentric parallax of stars is too small to be measured, even by the most precise 
telescopes, since the value for the nearest star is only 0700003. 

Daily values of horizontal parallax for the sun, moon, and planets are given in the 
American Ephemeris and Nautical Almanac, to a precision of 001. In the Nautical 
Almanac, mean values for the sun are included in the two sun correction tables given on 
the inside front cover and facing page. Horizontal parallax of the moon is tabulated at 
intervals of one hour on the daily pages. This value is used to enter the lower part of 
the moon correction tables on the inside back cover and facing page. The additional 
corrections for Venus and Mars given on the inside front cover are partly for parallax. 
No correction is given for parallax of Jupiter and Saturn. The Air Almanac gives parallax 
corrections only for the moon. These values are given in the ‘‘Moon’s P in A”’ column on 
each daily page. 

Because of the geocentric parallax, a body appears too low in the sky. Therefore, 
the correction is always positive. It applies regardless of the method of observation. 

814. Sea-air temperature difference correction (S).—Under normal atmospheric 
conditions, the temperature and pressure both decrease at standard rates with increase 
in height above the surface. Accordingly, the density of the atmosphere also decreases 
at a standard rate, which is uniform over the height encountered aboard ship. The 
effect of refraction upon dip, as given in the tables, is based upon this standard rate. 
Usually, the difference between standard and actual conditions is not great enough to 
introduce important errors in the assumption that standard conditions exist. 

However, when there is a difference between sea and air temperatures at the 
surface, the air in contact with the sea is warmed or cooled by the sea water, upsetting 
the normal rate of decrease near the surface. The effect is greater as the temperature 
difference increases. It may extend only a few inches above the surface, or for hundreds 
of feet. Under extreme conditions, if the air is very much colder than the water, the 
surface may steam. The frost smoke rising from the water may obscure the horizon, 
and under the most severe conditions it may rise to such heights as to interfere with 
visibility. Celestial bodies can be seen, but altitudes cannot be measured with a marine 
sextant because of lack of a horizon. 

Under less extreme conditions, the dip is altered, but observations may seem nor- 
mal. If the water is warmer than the air, the horizon is depressed and dip is increased. 
Under these conditions the measured altitudes are too great. Therefore, as a correction 
to the altitude, the sea-air temperature difference correction is negative when the water 
is warmer than the air. When the air is warmer, the reverse is true, and the altitude 
correction is positive. 

Various attempts have been made to establish a simple relationship between the 
sea-air temperature difference and the correction, but the results reported by different 
investigators differ considerably. This is due, in part, to difference of opinion as to 
the height and depth at which measurements should be made, difficulties in obtaining 
accurate readings near the surface, variations of temperature differences at the ship 
and along the line of sight to the hotizon, and influence of the vessel on temperatures 
in its immediate vicinity. Wind, too, has a considerable effect. On a calm day, the 
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| lower portion of the atmosphere tends to form in layers, without mixing. If there is 
a strong, gusty wind, turbulence in the air minimizes the effect due to temperature 
difference. Actually, sea temperature serves only to indicate temperature at the surface, 
but temperature gradient in the water may be large, as in the air. Therefore, the ideal 
would seem to be the measurement of air temperature at the: surface, and at some 
greater height, since it is the abnormal lapse rate (decrease of air temperature with 
| height) that produces the change in normal terrestrial refraction. 

Suggested factors based upon difference between temperature of the sea and air 
vary from about 0‘11 per degree Fahrenheit (0/20 per degree Celsius) to 0/21 per 
_ degree Fahrenheit (0/37 per degree Celsius). The average of these is about 0/16 per 
degree Fahrenheit (0/28 per degree Celsius). Thus, the correction is about one-sixth 
of a minute per degree Fahrenheit, or one minute for each six degrees. 
| This correction applies to all bodies when the sea horizon is used. However, it 

should be used with caution, and only under conditions which indicate that better 
results will be obtained if it is used. Under normal conditions, it is not used. If ab- 
normal conditions are suspected, observations are avoided or considered of questionable 
reliability ; or the precautions indicated in article 805 are used. If allowance for abnormal 
conditions is made by using an altered value of dip, as one obtained by measurement, 
the sea-air temperature difference correction is not used. That is, if allowance is made 
for abnormal dip, either the tabulated value of dip is altered or the sea-air temperature 
correction is applied, but not both. 

815. The uncorrected errors.—When a body is in motion over the surface of the 
earth, its motion in space is a combination of its motion relative to the earth, and the 
motion of the earth. Because of the rotation of the earth, principally, the path is a 
curved one. As a result, there is an apparent force causing deflection to the right in 
the northern hemisphere and to the left in the southern hemisphere. Because of this 
Coriolis force, ocean currents set in motion by wind flow in a direction to the right 
(northern hemisphere) of the direction in which the wind blows. Wind, too, is de- 
flected. Instead of blowing directly from an area of high pressure to one of low pressure, 
and soon neutralizing the pressure difference, it moves toward one side. The result is 
the characteristic circulation around highs and lows. 

The liquid of the bubble chamber of a bubble sextant, and a pendulum, are similarly 
affected, causing them to give a false indication of the vertical (or horizontal). The 
same is true of an artificial horizon. The equation for the deflection is 


Z=2/62S sin L+0/146 S? sin C tan L—5/25 SC’, 


where Z is the Coriolis correction, S the speed over the surface of the earth in units of 
hundreds of knots, L the latitude, C the true course angle, and C’ the rate of change of 
true course angle in degrees per minute. The first term, 2/62 S sin L, corrects for motion 
along a great circle; the second term, 0/146 S? sin C tan L, is an additional correction 
for the difference between motion along a rhumb line, and equivalent motion along a 
great circle; and the third term, 5/25 SC’, is an additional correction for departures 
from the course, being negative (as shown) if the departure is right in the northern 
hemisphere or left in the southern hemisphere. Coriolis corrections (first term only) 
are given near the back of the Air Almanac. 

Coriolis correction may be either positive or negative, and varies with speed and 
latitude. It applies to all bodies equally, and therefore can be applied to the altitude, 
the assumed position, or even as an adjustment to the plotted line of position or fix. 
If the AP or fix is adjusted, it is moved perpendicular to the course line, to the right in 
the northern hemisphere and to the deft in the southern hemisphere, unless the third 
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term is of such magnitude and sign as to make the entire correction negative, when it 
is applied in the opposite direction. If the correction is applied to the altitude, the 
value obtained by formula is multipled by the sine of the relative azimuth. In the north- 
ern hemisphere, the resulting altitude correction is positive if the celestial body is on 
the starboard side, and negative if on the port side. In the southern hemisphere these 
signs are reversed. These signs assume t' at the value obtained by the formula is posi- 
tive. If it is negative, all signs are reversed. 

At ship speeds, the Coriolis correction is not large, unless the vessel is yawing con- 
siderably. For a ship steaming at 20 knots on a steady course of 090° at latitude 40°, 
the maximum Coriolis correction is 0/3 for a celestial body which is abeam. Accelera- 
tion error due to rolling and pitching of the vessel is usually much greater than this, 
and is the principal reason why bubble or pendulum sextants are not often used aboard 
ship. 

There is no Coriolis correction when the visible horizon is the horizontal reference. 

If an artificial horizon-sextant with a bubble or pendulum is used, the liquid of the 
bubble chamber or the pendulum is affected by all accelerations of the instrument. The 
same is true of the free surface of the liquid of an artificial horizon. With high accelera- 
tions such as those due to rolling and pitching of a vessel, or changes of course or speed, 
the acceleration error can be very large. It is for this reason that such instruments are 
not customarily used aboard ship. Under normal conditions at sea the navigator does 
not have the information needed to compute the correction. The error is minimized by 
making observations at the center of roll and pitch of the ship, or averaging the values 
taken at both ends of a roll or pitch. Observations should not be made during a turn 
or when the speed is being changed. Even with these precautions the error is usually 
unacceptably large except with an almost flat, calm sea. The effect on the level of the 
sea surface due to accelerations of the earth in its rotation or revolution is considered 
negligible. 

The correction may be either positive or negative, and applies equally to all bodies 
observed with a bubble or pendulum sextant. 

Usually, the direction of gravity is assumed to be normal (vertical) to the spheriodal 
surface of the earth. This assumption is not quite correct. Irregularities in density and 
height of the material making up the surface crust of the earth result in slight alterations 
of the direction of gravity. This deflection of the vertical is most apparent near high 
mountains bordering a deep sea where an extreme value of more than 1/1 might be 
encountered. 

Normally, values of deflection of the vertical are not available to the navigator, and 
are not needed by him. In precise work, however, such values for a particular area might 
be furnished. The correction is negative in the direction toward which the zenith is 
deflected, and positive in the opposite direction. In any other direction it is equal ap- 
proximately to the maximum deflection times the cosine of the angle between the given 
direction and the direction of maximum deflection, taking the sign of the nearest 
maximum deflection. It is applicable to all celestial bodies, whether the natural sea 
horizon or an artificial horizon is used. 

Corrections for dip are based upon the assumption of a calm sea. Waves disturb 
this condition, causing the surface to be alternately raised and lowered. At the horizon, 
the troughs of waves are usually not visible. Through binoculars, irregularities in the 
line forming the horizon can sometimes be seen, but observations are made from the 
tops or nearly the tops of the waves. 
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This correction for wave height is always positive, and applies to all celestial bodies, 
but only if the sea horizon is used as a reference. Normally, it is not applied because of the 
difficulty of determining (1) wave height at the horizon, and (2) height of eye above 
the equivalent calm level of the sea. Better practice is usually to estimate height of 
eye above the wave tops, allowing for motions of the vessel, and make no correction. 

The height of the sea at any place is affected by the density of the sea water, its 
temperature, and atmospheric pressure. Because of differences in these values, the height 
varies from place to place. This results in tilting of the surface of the sea, which is 
“downhill” from the ridge of high water to that of low water. The maximum tilt due to 
these causes is probably a little more than 175. The wave caused by the tides also tilts 
the sea surface. However, on the open sea, tides are seldom more than about two and 
one-half feet high, and the distance from crest to trough is about 5,400 miles, or one- 
quarter of the great-circle distance around the earth. Under these conditions, the 
maximum tilting of the sea surface due to tides is about 07025. This may be increased 
somewhat by storm waves or tsunamis. In confined waters, particularly in a funnel- 
shaped area where tides enter from the wide end and progress up a narrowing estuary, 
the error may be very much greater, possibly reaching a value of half a minute. 

The correction is positive in the direction of high water and negative in the direction 
of low water. Between these directions it is equal approximately to the value in these 
directions multiplied by the cosine of the angle between the wave axis (the line per- 
pendicular to the wave front) and the azimuth of the body. It applies equally to all 
bodies when the visible horizon is used as the reference. In practice it is not applied. 

816. Summary of corrections.—The essential information regarding the ap- 
plication of the various corrections may be tabulated as shown below. In the “Bodies” 
column, the symbols are: ©, sun; C, moon; P, planets; yx, stars. In the “Sextants”’ 
column, M refers to a marine sextant with visible horizon, A refers to a marine sextant 
with artificial horizon, and B refers to an artificial-horizon sextant. The tabulation 
assumes that completely accurate results are desired and that corrections are to be made 
in the usual manner, where they are available. Some of the entries need qualification, 
which may be found in the preceding articles. 


Correction Symbol Sign Increases with Bodies Seztants Source 
Instrument I + changing altitude ©, C, P, *% M,A,B_ sextant box 
Index IC + constant ©, C, P, * M, A,B measurement 
Personal PC + constant ©, C, P, * M,A,B - measurement 
Dip D — higher height of eye Oy (le, te 7 WN almanacs 
Sea-air temp. diff. Ss + greater temp. diff. Oy UG 1k See | Ml computation 
Refraction R — lower altitude ©, C, P, % %M,A,B_ almanacs 
Air temp. T + greater diff. from 50°F ©, €, P, % M,A,B shnanncs, 

able 
Atmospheric B + greater diff. from 29.83 ©, €, P, % M,A,B Nautical 
pressure inches of mercury Almanac, 
table 24 
Irradiation J = (0) M, A 
Semidiameter SD + lesser dist.fromearth 0, C€ M, A almanacs 
Phase F + phase P M, A,B Nautical 
Almanac 
Augmentation A + higher altitude € M,A Nautical 
Almanac 
Parallax P + lower altitude O7 1G nr M, A, B- almanacs 


These corrections can be considered to fall into five groups: 

1. Corrections for inaccuracies in reading. Instrument correction, index correction*, 
and personal correction. 

2. Corrections for inaccuracies in reference level. Dip* and sea-air temperature dif- 
ference. 


554 SEXTANT ALTITUDE CORRECTIONS 


3. Corrections for bending of ray of light from body. Refraction*, air temperature, 
atmospheric pressure. 

4. Adjustment to equivalent reading at center of body. Irradiation, semidiameter™, 
phase, augmentation. 

5. Adjustment to equivalent reading at center of earth. Parallax*. 


In the ordinary practice of seamen, extreme accuracy is not required, and only 
the principal correction of each group is applied (except that augmentation is applied 
for the moon). These principal corrections are indicated by asterisks. For low altitudes, 
additional corrections are applied, as indicated in article 827. 

817. Order of applying corrections.—For purposes of ordinary navigation, sex- 
tant altitudes can be applied in any order desired, using sextant altitude for the enter- 
ing argument whenever altitude is required. This practice is not strictly accurate, but 
for altitudes usually observed, the error thus introduced is too small to be of practical 
significance. When extreme accuracy is desired, however, or at low altitudes, where 
small changes in altitude result in significant changes in correction, the order of apply- 
ing corrections is important. Corrections from the first two groups of article 816 are 
applied to sextant altitude (hs) to obtain apparent (rectified) altitude (ha), which is 
then used as an entering argument for obtaining corrections of the third group. For 
strictest accuracy, all corrections of the first three groups and, in addition, irradiation 
and semidiameter, should be applied before augmentation, and all other corrections 
before parallax. . 

818. Marine sextant corrections.—As shown in articles 816 and 817, all corrections 
except Coriolis and acceleration apply to marine sextant observations when the visible 
horizon. is used. However, under normal conditions and when the highest accuracy is 
not required, it is necessary to apply only a few corrections. Several of these corrections 
may be combined within a single altitude correction table. In addition to corrections for 
index error, dip, and mean refraction, the normal altitude corrections when using the 
Nautical Almanac are: phase and parallax for Venus and Mars; semidiameter and paral- 
lax for the sun; and semidiameter, augmentation, and parallax for the moon. 

819. Artificial-horizon corrections.—When an artificial horizon is used, index 
correction (and any others of the first group of article 816) is first applied. The result 
is then divided by two. Other corrections are then applied to the result, as applicable, 
in the same manner as for observations using the visible horizon. The sun and full 
moon are normally observed by bringing the lower limb of one image tangent to the 
upper limb of the other image. The lower limb is observed if the image seen in the 
horizon mirror is above the image seen in the artificial horizon, unless an inverting 
telescope is used, when the opposite relationship holds. With a gibbous or crescent 
moon, judgment may be needed to establish the positions of the limbs. In some cases 
better results may be obtained by superimposing one image over the other, as with a 
planet or star. When this is done, the center of the body has been observed, and no 
correction is applied for semidiameter (or irradiation, phase, or augmentation). There 
is no correction for dip (or sea-air temperature) when an artificial horizon is used. 

820. Artificial-horizon sextant corrections are the same as those for observations 
made by the use of the visible horizon, with two notable exceptions. First, there is 
no correction for dip (or sea-air temperature difference or wave height), none for semi- 
diameter (or irradiation, phase, or augmentation), and usually none for index correction 
(or instrument correction). Second, because of the lower accuracy normally obtainable 
by artificial-horizon sextant, corrections are normally made only to the nearest whole 
minute of arc. As a result of these differences, refraction is the only correction normally 
applied, except in the case of the moon, where parallax is also applied. 
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821. Corrections by Nautical Almanac.—In the Nautical Almanac, certain cor- 

rections or parts of corrections are combined. Index correction, of course, is not included 

because this depends upon adjustment of the sextant. The various correction tables are 
as follows: 


“Sun,” on the inside front cover and facing page, gives mean refraction, mean 
semidiameter for each of two periods during the year, and mean solar parallax. The 
table on the inside front cover, and repeated on the loose bookmark, is of the critical 
type, with altitude as the entering value. Thus, a tabulated correction applies to any 
value of altitude between that given half a line above it and that half a line below it. 
If an exact tabulated altitude is used to enter the table, the correction half a line above 
it should be used. In ordinary navigation, index correction, dip, and the correction from 
this table are needed for correcting marine sextant observations of the sun. For low 
altitudes or extremes of temperature or atmospheric pressure, a correction from the 
table on almanac page A4 (or tables 23 and 24 of this volume) should be applied. 


“Stars and planets,” on the inside front cover and repeated on the loose bookmark, 
gives mean refraction only, for the main tabulation. This is a critical type table, with 
altitude as the entering argument. The correction is always negative. In ordinary 
navigation, index correction, dip, and the correction from this table are the only ones 
needed for stars and the planets Jupiter and Saturn. For Venus and Mars, an additional 
correction for parallax and phase is given to the right of the main tabulation. The 
entering altitudes are limited to those occuring during twilight. If observations are 
made at other times, this additional correction should not be applied even though the 
altitude may fall within the tabulated range. 

“Dip,” on the inside front cover and repeated on the loose bookmark, is for dip of 
the horizon. An abbreviated dip table is also given on the page facing the inside back cover. 
The tables are of the critical type, and the entering argument is the height of the ob- 
server’s eye, in feet and meters, above the surface of the sea. The correction, always 
negative, applies to all observations made with the visible sea horizon as a reference. 

“Additional Correction Tables’ for nonstandard conditions, given on almanac page 
A4, provides an additional correction for nonstandard temperature and atmospheric 
pressure. The sign of each correction is indicated. Equivalent information is given, with 
increased range of entering values, in tables 23 and 24 of this volume. 

‘Altitude Correction Tables—Moon,’’ on the inside back cover and facing page, 
gives mean refraction, semidiameter, augmentation, and parallax. The entering argu- 
ment is altitude for the upper portion of the table, and altitude and horizontal parallax 
for the lower portion. The combined correction is always positive, but 30’ is to be 
subtracted from the altitude of the upper limb. In ordinary navigation, index correction, 
dip, and the correction from this table are needed in correcting marine sextant observa- 
tions of the moon. 

The various separate corrections available from the Nautical Almanac can be found 
as follows: 

Dip. Dip table on inside front cover and repeated on loose bookmark, and on the 
page facing the inside back cover. 

Refraction. Mean refraction from ‘Stars and Planets” table on inside front cover 
and repeated on loose bookmark, and on the facing page. 


Semidiameter. For the sun, the semidiameter for the middle day of each page 
opening of this daily page section is given at the bottom of the sun GHA column. For 
the moon, semidiameter for each day is given at the bottom of the moon data columns. 
The values given are for GMT 1200 on the dates indicated. 
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Parallaz. For the sun, parallax in altitude can be considered 0/1 for altitudes 0° to 
70°07’, and 0/0 for higher altitudes, with negligible error. This is based upon the mean 
value of 8°80. For the moon, horizontal parallax each hour is tabulated on the daily 
pages. Parallax in altitude is this value multiplied by the cosine of the altitude. 

If artificial-horizon sextant altitudes of the sun or moon are corrected by Nautical 
Almanac, the upper and lower limb corrections can be found and the average computed. 

822. Corrections by Air Almanac.—In the Air Almanac, various corrections as 
applicable to hand-held marine sextant observations are given separately in critical 
type tables, to the nearest whole minute (nearest two or five minutes of refraction for 
low altitudes), as follows: 

Dip. Inside back cover. 

Refraction.. Near the back. Aboard ship use the values for zero height. 

Air temperature. Near the back. This is shown, not as a separate correction, 
but as an adjustment to mean refraction. Instructions for use of the table are given 
within the table. 

Semidiameter. For the sun and moon, on the A.M. and P.M. pages, below the 
moon’s P in A. Values given are for GMT 1200. 

Parallax. For the moon, in the P in A table on the A.M. and P.M. pages. Hori- 
zontal parallax is the value for 0° altitude. 

823. Correcting altitudes of the sun.—In the normal practice of navigation, 
sun observations obtained by marine sextant with the visible horizon as reference are 
corrected as shown in the following examples: 

Example 1.—On June 2, 1975, the lower limb of the sun is observed with a marine 
sextant having an IC of (—)2/0, from a height of eye of 38 feet. The hs is 51°28/4. 

Required.—Ho using (1) Nautical Almanac, and (2) Air Almanac. 


Solution.— 

(1) as Ore= (2) pa edie’ adhe 
IC 2/0 IC ag 
D 6/0 D 6’ 
© 15/2 R 1” 

sum 15/2 8/0 SD 16’ 
corr. (+)7/2 sum 16’ 9’ 
hs 519284 corr. (+)7’ 
Ho Siveoe6 hs 51°28’ 
Ho 5°35" 


Example 2.—On June 2, 1975, the upper limb of the sun is observed with a marine 
sextant having an IC of (+) 1/0, from a height of eye of 45 feet. The hs is 32°47'9. 
Required.—Ho using (1) Nautical Almanac, and (2) Air Almanac. 


Solution.— 
(1) peel ers (2) fia Ckataa 
IC 1/0 ICs 
D 6/5 D vhs 
0) 17/3 faa 2! 
sum 1/0 23/8 SD 16’ 
corr. (—)22'8 sum 1’ 25’ 
hs 32°47/9 corr. (—)24’ 
Ho parla eg h hs 32°48’ 


Ho 32°24" 
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A convenient work form is helpful in the solution. Once the form is prepared, the 
corrections can be entered in any order desired. The symbols © and © are used for 
the correc tions from the sun table on the inside front cover of the Nautical Almanac. 
If additio nal corrections are used, they are included in the same manner as those shown. 
Observations by artificial horizon and by artificial-horizon sextant, and low-altitude 
observations and back sights, are discussed elsewhere in this chapter. 


824. Correcting altitudes of the moon.—Moon observations by marine sextant with 
the visible horizon as reference are normally corrected as shown in the following 
examples: 

Example 1.—At about GMT 1100 on June 2, 1975, the lower limb of the moon is 
observed with a marine sextant having an IC of (+) 3/2, from a height of eye of 32 
feet. The hs is 18°04 ‘6. 


Required.—Ho using (1) Nautical Almanac, and (2) Air Almanac. 


Solution.— 

(1) He AG ates (2) aes Ge 

T2322 C33" 
D 5/5 D 6’ 
C 62/5 R or 

L 0/8 SD 15’ 

sum 66/5 5/5 P 51’ 
corr. (+)1°01/0 sum 69’ 9’ 
hs  18°04/6 corr. (+) 60’ 
Ho 19°05'6 hs 18°05’ 
Ho 19°05’ 


Example 2.—At about GMT 0900 on June 2, 1975, the upper limb of the moon is 
observed with a marine sextant having an IC of (—)1/6, from a height of eye of 70 
feet. The hs is 66°47/3. 


Required.—Ho using (1) Nautical Almanac, and (2) Air Almanac. 


Solution.— 

(1) ae Gl (2) + ¢ - 
IC 1/6 IC 2 
D 8/1 D 8’ 
€ 3301 R ~ 
Ur 322 SD 15’ 

add’l 30/0 Po 
sum 36:3 39/7 sum 21’ 25’ 
corr. (—)3%4 corr. (—)4’ 
hs 66°47/3 hs 66°47’ 
Ho 66°43 /9 Ho 66°43’ 


The typical work forms shown are useful in problems of this type. The symbol C 
is used for the correction from the upper part of the moon correction table on the inside 
back cover, and facing page, of the Nautical Almanac. The symbols L and U are used 
for the corrections from the lower part of this table. Observations by artificial horizon, 
and by artificial-horizon sextant, and low-altitude observations and back sights, are 
discussed elsewhere in this chapter, as are additional corrections for use when unusual 
accuracy is desired. 
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825. Correcting altitudes of planets.—When Venus and Mars are observed by 
marine sextant using the visible horizon as reference, sextant altitudes are normally 
corrected as shown in the following example: 

Ezxample.—On June 19, 1975, Venus is observed with a marine sextant having no 
IC, from a height of eye of 28 feet. The hs is 44°21 /3. 

Required.—Ho using (1) Nautical Almanac, and (2) Air Almanac. 


Solution.— 

(1) heave ae (2) tess iVie oe 
IC - — IC — _ 
D Bi D it 
yw-P 1/0 R i 
add’l 0°3 sum — 6’ 
sum 0/3 6/1 corr (—)6’ 
corr (—)5‘8 hs 44°21’ 
hs 44°21'3 Ho 44°15’ 

Ho 4491575 


For Jupiter and Saturn, no additional correction is given. Correction of observa- 
tions of these bodies is the same as corrections of star observations (art. 826). Work 
forms are useful. The symbol x-P is used for the correction taken from the ‘‘Star- 
Planet’’ table on the inside front cover of the Nautical Almanac. If additional cor- 
rections are to be used, for results of unusual accuracy or low altitudes, they are 
included in the form in the same manner as those shown. Observations by artificial 
horizon and by artificial-horizon sextant, and low-altitude observations and back sights 
are discussed elsewhere in this chapter. 


826. Correcting altitudes of stars.—Star observations by marine sextant, using 
the visible horizon as reference, are normally corrected as shown in the following 
example: 

Example.—Miaplacidus is observed with a marine sextant having an IC of (+)1/0, 
from a height of eye of 50 feet. The hs is 27°54'0. 


Required.—Ho using (1) Nautical Almanac, and (2) Air Almanac. 


Solution.— 

(1) ta 3 (2) aS 

IC 1/0 Raa hy 
D 6/9 D ri 
w-P 1/8 R oF 
sum 1/0 8'7 sum 1’ 9’ 
corr. (—)7°7 corr. (—)8’ 
hs 27°54/0 hs 27°54’ 
Ho 27°46/3 Ho 27°46’ 


Work forms for such problems are helpful. Additional corrections, used when 
unusual accuracy is desired, are included in the same manner as those shown. Obser- 
vations by artificial horizon and by artificial-horizon sextant, and low-altitude observa- 
tions and back sights, are discussed elsewhere in this chapter. 


827. Low altitudes are normally avoided because of large and variable refraction. 
But sometimes these are the only observations available. This is particularly true in 
polar regions, where the sun may be the only celestial body available, and may not 
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reach an altitude of more than a few degrees over a considerable period. In lower 
latitudes the sun may appear briefly just before sunset or just after sunrise. Low- 
altitude observations can supply useful information if additional corrections are applied. 
Reliable lines of position can generally be obtained from low-altitude observations, 
but when conditions are abnormal, the errors introduced are generally larger than for 
higher altitudes, and the precautions of article 806 should be particularly observed. 

In correcting low-altitude observations, which for normal conditions can be defined 
as those less than 5°, first apply corrections from the first two groups of article 816 to 
obtain apparent altitude (ha). Normally, this includes only index correction and dip. 
Then apply the remaining corrections, using apparent altitude when an altitude is 
needed for entering correction tables. The corrections normally applied are mean re- 
fraction, air temperature, atmospheric pressure, semidiameter (as applicable), and 
parallax (for the sun and moon). 

In practice, sextant altitudes are corrected in the usual manner, except that addi- 
tional corrections are applied, and the process is divided into two parts. The use of 
apparent altitude for finding parallax introduces an error but this is too small (less 
than 0‘1) for practical consideration. If the Nautical Almanac is used, corrections for 
altitudes between the horizon and 10° are given in a noncritical type table on almanac 
page A3. The correction for a negative altitude can be obtained by extrapolation with- 
out introducing a significant error for values obtained at ship heights of eye. A combined 
temperature-atmospheric pressure correction can be obtained from the table on almanac 
page A4. This table is intended for use without interpolation between columns. Separate 
corrections can be obtained from tables 23 and 24 of this volume, which provide inter- 
polated values for greater accuracy. They also provide greater range of temperature 
and atmospheric pressure. 

To correct a low altitude of the sun, then, apply index correction and dip to sextant 
altitude to find apparent altitude. Using this altitude as an entering value, find the 
following corrections and apply them to apparent altitude: 

sun correction (© or ©), from page A3 of the Nautical Almanac; 

combined temperature-atmospheric pressure correction (TB), from page A4 of 

the Nautical Almanac (separate corrections for temperature (T) and atmospheric 
pressure (B) from tables 23 and 24, respectively, can be used in place of the 
combined correction). 

If the Air Almanac is used, the mean refraction and air temperature corrections can be 
combined by using the factor in the refraction table. A semidiameter correction of 16’ is 
added if the lower limb is observed, and subtracted if the upper limb is observed. Since 
corrections are to whole minutes only, parallax is not used for the sun. In summary, app- 
ly index correction and dip to sextant altitude to find apparent altitude. Using this 
altitude as an entering value, where needed, apply the following corrections to apparent 
altitude: 

refraction (adjusted for air temperature) (R), from table near back of Air 

Almanac; 

atmospheric pressure (B), from table 24; 

semidiameter (SD), 16’ (add if lower limb, and subtract if upper limb). 

Example 1.—On June 2, 1975, the lower limb of the sun is observed with a marine 
sextant having an IC of (+)1/8 from a height of eye of 45 feet. The hs is 1°24 (4, air 
temperature 88°F, and atmospheric pressure 29.78 inches. 

Required—Ho using (1) Nautical Almanac, (2) tables 23 and 24, and (38) Aw 
Almanac. 
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Solution.— 
(1) ee eg (2) ee ON (3) se Oe 
IC 1/8 IC 1/8 Testa? 
D 6/5 D 6/5 D ne 
sum 1‘8 6/5 sum 1/8 6/5 sum 2’ (i 
corr. (—)4!7 corr. (—)4!7 corr. —)5’ 
hs 1924/4 hs 1924/4 hs 1224 
ha 1919/7 ha 121027, ha 1°19’ 
Q 6/0 © 6/0 R 18’ 
TB 2/5 eo B — 
sum 275 6/0 Das SD 16’ 
corr. (= \a'5 sum 1/5 6/0 sum 16’ 18’ 
ha 1°19'7 corr. (—)4'5 corr. (—)2’ 
Ho 1°16/2 ha 1919/7 ha 1°19’ 
Ho 18h5 22 Ho 1°74 


The larger intervals given in the Air Almanac refraction table may introduce 
additional error. In this example, the temperature is changed to Celsius (centigrade), 
giving a value of 31°. The factor at a height of 0 feet corresponding to this temperature 
is 0.9. With this and the apparent altitude, the combined refraction and air tempera- 
ture correction is found to be as shown. Approximately the same result would have 
been obtained by correcting for mean refraction (without the factor) and temperature 
(from table 23) separately. 

If the moment at which either limb is tangent to the horizon is noted, an ob- 
servation of 0° altitude has been made without a sextant. 

Example 2.—On June 2, 1975, the sun is observed at sunset as the upper limb 
drops below the horizon, from a height of eye of 38 feet. The air temperature is (—)10° F, 
and atmospheric pressure 30.06 inches. Double extrapolation would be needed to solve 
this problem by the Nautical Almanac. A better solution is provided by means of tables 
23 and 24. 


Required.—Ho using (1) tables 23 and 24, and (2) Air Almanac. 


Solution.— 

(1) cheer Cee (2) qeoal= 
IC — = IC — _ 

D 6/0 D 6’ 

sum — 6/0 sum 6’ 
corr. (—)6‘0 corr. —)6’ 

hs 0°00/0 hs 0°00’ 

ha (—)0°06/0 ha (—)0°06’ 

0} 5125 R 42’ 

T 4/8 B = 

B 0/3 SD 16’ 

sum — 56/6 sum — 58’ 
corr. (— ) 56! corr. (—)58’ 

ha (—)0°06/0 ha (—)0°06’ 

Ho (—)1°02/6 Ho (—)1°04’ 


Corrections are applied algebraically. Therefore, for negative altitudes a negative 
correction is numerically added, and a positive correction is numerically subtracted. 
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To correct low altitudes of the moon, apply index correction and dip to sextant 
altitude to find apparent altitude. Using this altitude as an entering value, find the 
following corrections and apply them to apparent altitudes: 

moon correction (C), from inside back cover, and facing page, of Nautical Almanac; 

lower or upper limb correction (L or U), from inside back cover, and facing page, 

of Nautical Almanac; 

additional correction (add’l, (—)30’, for upper limb observation only) ; 

combined temperature-atmospheric pressure correction (TB), from page A4 of the 

Nautical Almanac (separate corrections for temperature (T) and atmospheric 
pressure (B) from tables 23 and 24, respectively, can be used in place of the 
combined correction). 

If the Air Almanac is used, correct the apparent altitude by applying the following 
corrections: 

refraction (adjusted for air temperature) (R), from table near back of Air 

Almanac; 

atmospheric pressure (B), from table 24; 

semidiameter, from daily page; 

parallax, from daily page. 

Example 3.—At GMT 17"14™278 on June 2, 1975, the upper limb of the moon is 
observed with a marine sextant having no IC, from a height of eye of 33 feet. The hs is 
2°35 ‘4, air temperature 63° F, and atmospheric pressure 29.81 inches. 

Required.—Ho using (1) Nautical Almanac, (2) tables 23 and 24, and (3) Azr 
Almanac. 


Solution.— 

(1) ge Gt, 2) Pima et gee) st Ges te 
IC — _ IC — — IC — — 
D 5/6 D 5/6 D 6’ 
sum — 5/6 sum — 5u6 sum — 6’ 
corr. (—)5/6 COIT (—)5'6 corr (—)6’ 
hs 2730 4 hs 2°35.4 hs 35. 
ha 2°29/8 ha 2°29'8 ha 2°29’ 
G 62.1 Crpe. tl R 16’ 

Oe a |S ie B — 
add’ 30/0 add’l 30/0 SD 15’ 

TB. 074 is A Oe P 54’ 
sum 536 30/0 B — sum 54’ 31’ 
corr. (+)23/6 sum 53/6 30/0 corr. (+)23’ 
ha 2°29/8 corr. (-+)23‘6 ha 2°29’ 
Ho 253.4 ha 2°29'8 Ho iodine 

Ho 2°53 ‘4 


A lower limb solution would be the same, except that an L correction would have 
been used from the Nautical Almanac and there would be no “‘add’l”’ correction, and 
in the Air Almanac solution the sign of the semidiameter correction would be reversed. 
The moon correction table on the inside back cover, and facing page, of the Nautical 
Almanac extends to a minimum altitude of 0°. The corrections for negative altitudes 
can be found by extrapolation. 

To correct low altitudes of the planets Venus and Mars, apply index correction 
and dip to sextant altitude to find apparent altitude. Using this altitude as an entering 
value, find the following corrections and apply them to apparent altitude: 
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star-planet correction (sx-P), from page A3 of the Nautical Almanac; 

additional correction (add’l), from page A2 of the Nautical Almanac; 

combined temperature-atmospheric pressure correction (TB), from page A4 of 

the Nautical Almanac (separate corrections for temperature (T) and atmo- 
spheric pressure (B) from tables 23 and 24, respectively, can be used in place of 
the combined correction). 

If the Air Almanac is used, correct the apparent altitude by applying the following 
corrections: 

refraction (adjusted for air temperature) (R), from table near back of Air 

Almanac; 

atmospheric pressure (B), from table 24. 

Example 4.—On November 28, 1975, Mars is observed with a marine sextant having 
an IC of (+)3‘5, from a height of eye of 17 feet. The hs is 4°02‘6, air temperature 
2° F, and atmospheric pressure 29.67 inches. 

Required.—Ho using (1) Nautical Almanac, (2) tables 23 and 24, and (3) Auzr 
Almanac. 


Solution.— 
(1) fae Mi ys pf?) ta Momisayy 563) ots Ms 

IC 3/5 l@e325 IC 4’ 

D 4/0 D 4/0 D 4’ 

sum 3/5 40 sum 3'5 40 sum 4’ 4’ 
corr. (—)0’5 corr. (—)0/5 corr. _ 

hs 4°02'6 hs 4°02'6 hs 4°03’ 

ha 4°02/1 ha 4°02/1 ha 4°03’ 
3x-P Ne sx-P 17 R 14’ 
add’l 0/3 add’l 0/3 B — 

TB 1/5 T be sum — 14’ 
sum 0/3 13/2 B.0:1 corr. (—)14’ 
corr. (—)12’9 sum 0/4 12/9 ha 4°03’ 

ha 4°02/1 corr. (—)12‘5 Ho 3°49’ 

Ho 3°49/2 ha 4°02'1 

Ho 3°49'6 


The solution for Jupiter and Saturn, and for stars, is identical with that of example 
4, except that the additional correction (phase and parallax) is omitted. 

828. Back sights.—An altitude measured by facing away from the celestial body 
being observed is called a back sight. It may be used when an obstruction, such as 
another vessel, obscures the horizon under the body; when that horizon is indistinct; 
or when observations are made in both directions, either to determine dip or to avoid 
error due to suspected abnormal dip. Such an observation is possible only when the 
arc of the sextant is sufficiently long to permit measurement of the angle, which is 
the supplement of the altitude. For such an observation of the sun or moon, the lower 
limb is observed when the image is brought below the horizon, appearing as a normal 
upper limb observation, and vice versa. To correct such an altitude, subtract it from 
180° and reverse the sign of corrections of the first two groups of article 816 (normally 
only index correction and dip). 

Ezample.—On June 2, 1975, a back sight is taken of the lower limb of the sun, 
with a marine sextant having an IC of (—)2/0, from a height of eye of 24 feet. The 
measured sextant altitude is 118°4174. 

Required.—Ho using (1) Nautical Almanac, and (2) Air Almanac. 
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Solution.— 

(1) + Q — (2) YN oe 

IC 2/0 \ Giow Ag 

D 4'8 D 5’ 
© 15/4 R 1’ 

sum 22/2 = SD 16’ 
corr. (+)22'2 sum 23’ ite 
180°—hs 61°18'6 corr. (+ )22’ 
Ho 61°40/8 180°—hs 61°19’ 
Ho 61°41’ 


829. Correcting horizontal angles.—When a marine sextant is used to measure 
the horizontal angle between two objects, the result is not usually desired to a precision 
that makes correction necessary, unless the sextant has an unusually large index error. 
However, if precise results are desired, corrections of the first group only of article 
816 are applied. If a personal error exists, it is not likely to be the same as for altitudes. 
For measuring angles between two objects differing widely in altitude, as between two 
stars, it is not likely that results will be required to such precision that additional 
correction for the third, fourth, and fifth groups of article 816 will be needed. If they 
are, the method of application can be determined from the principles of spherical 
trigonometry (art. 142). In this case, the altitudes of both bodies will also be needed. 
Corrections for the second group of article 816 are not applicable. 


Problems 


819a. At about GMT 0800 on June 2, 1975, the following bodies are observed 
with marine sextants having an IC of (+)2/2, using an artificial horizon: sun (lower 
limb) hs 134°33'9, moon (upper limb) hs 77°23/4, Venus hs 98°04'6, Schedar hs 
43 °24'4. 

Required.—Ho of each observation using (1) Nautical Almanac, and (2) Air 
Almanac. 

Answers.—(1) Sun Ho 67°33/6, moon Ho 39°09/1, Venus Ho 49°02'6, Schedar 
Ho 21°40/9; (2) sun Ho 67°34’, moon Ho 39°09’, Venus Ho 49°03’, Schedar Ho 21°41’. 

819b. At about GMT 0300 on June 2, 1975, the following bodies are observed with 
bubble sextants having no IC: sun hs 23°51’, moon hs 52°20’, Jupiter hs 63°18’, 
Eltanin hs 24°45’. 

Required.—Ho of each observation using (1) Nautical Almanac, and (2) Arr 
Almanac. 

Answers.—(1) and (2) Sun Ho 23°49’, moon Ho 52°52’, Jupiter Ho 63°18’, Eltanin 
Ho 24°43’. 

823a. On June 2, 1975, the lower limb of the sun is observed with a marine sextant 
having an IC of (+)1/8, from a height of eye of 34 feet. The hs is 41°34°8. 

Required.—Ho using (1) Nautical Almanac, and (2) Air Almanac. 

Answers.—(1) Ho 41°45/8; (2) Ho 41°46’. 

823b. On June 2, 1975, the upper limb of the sun is observed with a marine sextant 
having no IC, from a height of eye of 30 feet. The hs is 15°21!7. 

Required.—Ho using (1) Nautical Almanac, and (2) Air Almanac. 

Answers.—(1) Ho 14°57/1; (2) Ho 14°57’. 

823c. On June 2, 1975, the lower limb of the sun is observed with a marine sextant 
having an IC of (—)1/3, from a height of eye of 43 feet. Another ship is between the 
observer and the horizon, at a distance of 1.4 miles from the observer. The water line 
of this ship is used as the horizontal reference. The hs is 25°18 ‘2. 
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Required.—Ho using table 22 and (1) Nautical Almanac, and (2) Air Almanac. 

Answers.—(1) Ho 25°12/9; (2) Ho 25°13’. 

824a. At about GMT 2100 on June 2, 1975, the lower limb of the moon is observed 
with a marine sextant having an IC of (—)2‘5, from a height of eye of 55 feet. The 
hs is 47°35 25. 

Required.—Ho using (1) Nautical Almanac, and (2) Air Almanac. 

Answers.—(1) Ho 48°16'3; (2) Ho 48°16’. 

824b. At about GMT 2300 on June 2, 1975, the upper limb of the moon is observed 
with a marine sextant having an IC of (+)4/0, from a height of eye of 12 feet. The 
hs is 22°5878. 

Required.—Ho using (1) Nautical Almanac, and (2) Air Almanac. 

Answers.—(1) Ho 23°31'8; (2) Ho 23°32’. 

825a. On June 18, 1975, Mars is observed with a marine sextant having an IC of 
(+)2/2, from a height of eye of 60 feet. The hs is 34°11/7. 

Required.—Ho using (1) Nautical Almanac, and (2) Air Almanac. 

Answers.—(1) Ho 34°05/1; (2) Ho 34°05’. 

825b. Jupiter is observed with a marine sextant having an IC of (—)1/0, from a 
height of eye of 27 feet. The hs is 11°23/9. 

Required.—Ho using (1) Nautical Almanac, and (2) Air Almanac. 

Answers.—(1) Ho 11°13/2; (2) Ho 11°13’. 

826. Alpheratz is observed with a marine sextant having no IC, from a height of 
eye of 42 feet. The hs is 38°20/3. 

Required.—Ho using (1) Nautical Almanac, and (2) Air Almanac. 

Answers.—(1) Ho 38°12'8; (2) Ho 38°13’. 

827a. On June 2, 1975, the lower limb of the sun is observed with a marine sextant 
having an IC of (—) 2/3, from a height of eye of 24 feet. The hs is 2904/6, air tempera- 
ture 65° F, and atmospheric pressure 30.81 inches. 

Required.—Ho using (1) Nautical Almanac, (2) tables 23 and 24, and (8) Air 
Almanac. 

Answers.—(1) Ho 1°55/1; (2) Ho 1°55'1; (8) Ho 1°55’. 

827b. On July 2, 1975, the sun is observed as the upper limb drops below the 
horizon at sunset, from a height of eye of 19 feet. The air temperature is 16° F, and 
atmospheric pressure 29.90 inches. 

Required.—Ho using (1) Nautical Almanac, (2) tables 23 and 24, and (8) Aur 
Almanac. 

Answers.—(1) Ho (—)0°59'9 (2) Ho (—)0°57'8; (8) Ho (—)0°58’. 

827c. At GMT 6°03™29° on June 2, 1975, the upper limb of the moon is observed 
with a marine sextant having an IC of (+)2’6, from a height of eye of 35 feet. The 
hs is 1°12'6, air temperature (—)23° F, and atmospheric pressure 29.04 inches. 

Required.—Ho using (1) tables 23 and 24, and (2) Air Almanac. 

Answers.—(1) Ho 1°22'3; (2) Ho 1°20’. 

827d. At GMT 12544701 on June 2, 1975, the lower limb of the moon is observed 
with a marine sextant having an IC of (+)3/2, from a height of eye of 22 feet. The 
hs is 0°24/4, air temperature 40° F, and atmospheric pressure 29.94 inches. 

Required.—Ho using (1) Nautical Almanac, (2) tables 23 and 24, and (3) Air 
Almanac. 

Answers.—(1) Ho 1°01/2; (2) Ho 1901/5; (8) Ho 0°58’. 

827e. On January 19, 1975, Venus is observed with a marine sextant having an 
IC of (—)0/5, from a height of eye of 31 feet. The hs is 3°29/8, air temperature 55° F, 
and atmospheric pressure 30.15 inches. 
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Required—Ho using (1) Nautical Almanac, (2) tables 23 and 24, and (3) Air 
Almanac. 

Answers.—(1) Ho 3°10!7; (2) Ho 3°10!7; (3) Ho 3°10’. 

827f. Saturn is observed with a marine sextant having an IC of (—)2’3, from a 
height of eye of 37 feet. The hs is 4°39/2, air temperature 76° F, and atmospheric 
pressure 28.89 inches. 

Required.—Ho using (1) Nautical Almanac, (2) tables 23 and 24, and (3) Air 
Almanac. 

Answers.—(1) Ho 4921/1; (2) Ho 4921/1; (3) Ho 4°21’. 

827g. Gienah is observed with a marine sextant having no IC, from a height of 
eye of 44 feet. The hs is 2°46/1, air temperature 35° F, and atmospheric pressure 29.92 
inches. 

Required.—Ho using (1) Nautical Almanac, (2) tables 23 and 24, and (3) Air 
Almanac. 

Answers.—(1) Ho 2°23/4; (2) Ho 2°36/6; (3) Ho 2°21’. 

828. On June 2, 1975, a back sight is taken of the lower limb of the sun, with a 
marine sextant having an IC of (+)1‘7, from a height of eye of 49 feet. The measured 
sextant altitude is 141°04/9. 

Required.—Ho using (1) Nautical Almanac, and (2) Air Almanac. 
Answers.—(1) Ho 39°15/0; (2) Ho 39°15’. 

829. The horizontal angle between two objects is measured with a marine sextant 
having an IC of (+)4‘0. The measured angle is 85°14‘6. 

Required.—Corrected angle. 

Answer.—Corrected angle 85°18/6. 


CHAPTER IX 
SIGHT REDUCTION 


901. Introduction.—The process of deriving from a celestial observation the in- 
formation needed for establishing a line of position is called sight reduction. The ob- 
servation itself consists of measuring the altitude of a celestial body and noting the 
time. The process of finding such a line of position may be divided into six steps: 


1. Correction of sextant altitude (ch. VIII). 
2. Determination of GHA and declination (ch. VII). 


3. Selection of assumed position and finding local hour angle or meridian angle at 
that point. 

4. Computation of altitude and azimuth (ch. VII). 

5. Comparison of computed and observed altitudes. 

6. Plot of the line of position. 

Broadly speaking, tables which assist in any of these steps can be considered 
sight reduction tables. However, the expression is generally limited to tables intended 
primarily for computation of altitude and azimuth. A great variety of such tables 
exists. In volume I various methods of sight reduction, including graphical and me- 
chanical solutions, are contrasted. All are based, directly or indirectly, upon solution 
of the navigational triangle (art. 508). Thus, the process of sight reduction, in its 
limited sense, is one of converting coordinates of the celestial equator system (art. 504) 
to those of the horizon system (art. 506). 

The correction of the sextant altitude (hs) to find observed altitude (Ho) is not 
necessarily performed first. If any form of time other than GMT is used for timing the 
observation, it is first converted to GMT because this is the kind of time used for 
entering the almanacs. From the almanac, the GHA and declination are determined. 

902. Selection of the assumed position (AP).—The following variables are needed 
to compute the altitude and azimuth: 


1. Latitude (L). 
2. Declination (d). 
3. Local hour angle (LHA) or meridian angle (t). 


Except for declination, these variables are dependent upon the position from which 
the altitude and azimuth are to be computed for the time of the observation. Although 
the dead reckoning or estimated position can be used, unnecessary interpolation can 
can be avoided when using modern sight reduction tables by selecting an AP for the 
reduction that will result in two of the three variables being exact entry values or 
table arguments. In these tables altitudes and azimuth angles are given for each whole 
degree of latitude and each whole degree of either meridian angle or local hour angle. 
Since the assumed position should be within 30’ of the actual position, the whole degree 
of latitude nearest to the DR or EP at the time of the sight is selected as the assumed 
latitude (aL). The assumed longitude (ad) is also selected within 30’ of the DR or 
EP so that no minutes of arc will remain after it is applied to GHA. This means that 
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in west longitude the minutes of a@\ must be the same as those of GHA; while in east 
longitude the minutes of a\ must be equal to 60’ minus the minutes of GHA. 


903. Finding the local hour angle and meridian angle.—Meridian angle is the 
angular distance that the celestial body is east or west of the celestial meridian. It is 
found from local hour angle (LHA), which, in turn, is found from Greenwich hour 
angle by adding east longitude or subtracting west longitude. A time diagram (art. 504) 
is useful in visualizing this relationship. 

Example 1—The GHA is 168°42/6. 

Required.—The LHA and t at (1) long. 137°24'6W, and (2) 158°24/7E. 


Solution.— 
(1) GHA 168°42'6 (2) GHA 168°42'6 
 137°24’6W X 158°24/7E 
LHA 31°18/0 LHA 327°07/3 
t 31°18/0W t 32°52/7H 


In west longitude, if GHA is less than longitude, add 360° to GHA before sub- 
tracting. In east longitude, if the sum exceeds 360°, subtract this amount. If LHA is 
less than 180°, it is numerically equal to meridian angle, which is labeled W (west). 
If LHA is greater than 180°, t is 360°—LHA and is labeled E (east). 

Example 2.—The GHA is 168°42'6; observations are made at (1) long. 137°24‘6W, 
and (2) long. 158°24'7E. 

Required.—The a) providing whole degrees of LHA and t. 


Solution.— 
(1) GHA 168°42’6 (2) GHA 168°42/6 
a 137°42'6W a 158°17/4E 
LHA 31°00/0 LHA 327°00/0 
t 31°00/0W t 33°00/0E 


904. Comparison of computed and observed altitudes.—After appropriate correc- 
tions are applied to the sextant altitude (hs), the observed altitude (Ho) is obtained. 
For the instant of observation, the altitude and azimuth at some convenient assumed 
position (AP) near the actual position of the observer are determined by calculation or 
equivalent process. The difference between this computed altitude (Hc) and Ho is the 
altitude intercept (a), sometimes called altitude difference. 

Since a is the difference in altitude at the assumed and actual positions, it is also 
the difference in zenith distance, and therefore the difference in radii of the circles of 
equal altitude at the two places. The position having the greater altitude is on the circle 
of smaller radius, and hence is closer to the GP of the body. In figure 904 the AP is 
shown on the inner circle. Hence, Hc is greater than Ho. 

The altitude intercept, the numerical difference between Hc and Ho, is customarily 
expressed in nautical miles (minutes of arc), and labeled T or A to indicate whether the 
line of position is toward or away from the GP, as measured from the AP. 

Two useful aids in labeling the intercept are: Coast Guard Academy for Computed 
Greater Away, and Ho Mo To for Ho More Toward. 

For example, 

He 37°51'6 He 61°57'3 
Ho 37°43'9 Ho 62°12°7 
a Tate a 15/4T 
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Fiaure 905.—A line of position 
from observation of the star 
Capella at 0643. 


Ficurre 904.—The basis for the line of position from a 
celestial observation. 


905. Plot of the line of position—The line of position can be plotted using part of 
the information within the broken circle of figure 904, as shown in figure 905. First, the 
AP is plotted. The circle of equal altitude through this position is not needed, and is 
not plotted. From the AP the azimuth line is measured toward or away from the GP as 
appropriate, and the altitude intercept is measured along this line. At the point thus 
located, a line is drawn perpendicular to the azimuth line. This perpendicular is the 
line of position. 


906. Complete solution——The complete solution includes all of the parts listed 
in article 901. Because of the various alternatives available for the separate parts, a 
large number of variations might be used in the complete solution. The following 
example combines some of the most commonly used variations. 

Example.—On June 1, 1975, the GMT 0825 dead reckoning position of a ship is 
lat. 35°34/4N, long. 66°20/2W. Kochab is observed at an altitude of 34°54'6 from a 
height of eye of 40 feet using a sextant having an index error of (+)2/0. 

Required.—The a and Zn from the GMT 0825 DR. 

Solution.—By cosine-haversine formula and tables 33 and 34. 
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Sight Reduction by Cosine-Haversine Formula (art. 712 and 713) 


GMT 08" 24™ 41° 


082 O-11/2 
24™418 6°11/3 
SHA  137°1717 
GHA  152°40/2 
ay 66°20/2 
LHA 86°20/0 
t 86°20/0W 
aL 35°34/4N 
d 74°15/5N 
7) 
L~d 38°41/1 
Zz 54°58/1 
He 36°01/9 
Ho 34°49/1 
a 12‘8A 
Zn 340°7 


Solution.—By the Ageton Method (table 35). 


GMT 08° 24™ 418 


Kochab 
+ = 
June 1 LCS 370 
D 6/1 
3 —P 174 
sum 2.0" 7.0 
corr. ==)'5.5 
hs 34°54/6 
Ho 34°49/1 
lhav 9.67027 lLsin 9.99911 
lcos 9.91029 
Lcos 9.43345 Lcos 9.43345 
lhav 9.01401 nm hav 0.10328 
n hav 0.10970 
nm hav 0.21298 
lL sec 10.08680 
Z N19°18/5W Jsin 9.51936 
aL 35°34/4N 
a 66°20'2W 
Sight Reduction by the Ageton Method (art. 718) 
Kochab 
+ x - 
June 1 TGa:24.0 
08" he Wg BO D GaN 
247418 6° 1173 sx —P 1/4 
Bie «lola ee sum. 2.0 0 1.0 
GHA = 152°40/2 corr. —)5'5 
an 66°20/2W hs 34°54'6 
LHA 86°20/0 Ho 34°49/1 
t 86°20/0W 
Add Subtract Add Subtract 
t 86°20/0W A 89 
d 74°15/5N B 56655 1660 
R A 56744 1653 B 1653 A 56744 
K 88°58/0N 7 
L 35°34/4N 
K~L 53°23.6 B 22450 
He 35°02/0 A 24103 B 8681 
Ho 34°49/1 Zn 340°7 Z N19°18/5W A 48063 
a 12/9A 
Zn 340°7 


aL, 35°34'4N 
ad 66°20'2W 


Caution.—When the quantity K is between 82° and 98°, it is good practice to either 
discard the sight or to interpolate log secant (B) of R from the log cosecant (A) of R. 


CHAPTER X 
THE SAILINGS 


1001. The sailings——In the solution of problems involved in the sailings, the 
following quantities are used: 

1. Latitude (L). The latitude of the point of departure is designated L,; that of 
the point of arrival or the destination, L.; middle (mid) or mean latitude, Lm; latitude 
of the vertex of a great circle, L,; and latitude of any point on a great circle, L,. 

2. Mean latitude (Lm). Half the arithmetical sum of the latitudes of two places 
on the same side of the equator. 

3. Middle or mid latitude (Lm). The latitude at which the arc length of the parallel 
separating the meridians passing through two specific points is exactly equal to the 
departure in proceeding from one point to the other. The mean latitude is normally 
used for want of a practicable means of determining the middle latitude. 

4. Dofference of latitude (1 or D. Lat.). 

5. Meridional parts (M). The meridional parts of the point of departure are desig- 
nated M,, and of the point of arrival or the destination, M). 

6. Meridional difference (m). 

7. Longitude (d). The longitude of the point of departure is designated },; that 
of the point of arrival or the destination, \.; of the vertex of a great circle, \,; and of 
any point on a great circle, ),. 

8. Difference of longitude (DLo). 

9. Departure (p or Dep.). 

10. Course or course angle (Cn or C). 

11. Distance (D or Dist.). 

The various kinds of sailings are: 

1. Plane sailing is a method of solving the various problems involving a single 
course and distance, difference of latitude, and departure, in which the earth, or that 
part traversed, is regarded as a plane surface. Hence, the method provides solution for 
latitude of the point of arrival, but not for longitude of this point, one of the spherical 
sailings being needed for this problem. Because of the basic assumption that the earth 
is flat, this method should not be used for distances of more than a few hundred miles. 

2. Traverse sailing combines the plane sailing solutions when there are two or 
more courses. This sailing is a method of determining the equivalent course and distance 
made good by a vessel steaming along a series of rhumb lines. 

3. Parallel sailing is the interconversion of departure and difference of longitude 
when a vessel is proceeding due east or due west. This was a common occurrence when 
the sailings were first employed several hundred years ago, but only an incidental 
situation now. 

4. Middle- (or mid-) latitude sailing involves the use of the mid or mean latitude 
for converting departure to difference of longitude when the course is not due east or 
due west and it is assumed such course is steered at the mid latitude. 
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5. Mercator sailing provides a mathematical solution of the plot as made on a 
Mercator chart. It is similar to plane sailing, but uses meridional difference and differ- 
ence of longitude in place of difference of latitude and departure, respectively. 


6. Great-circle sailing involves the solution of courses, distances, and points along 
a great circle between two points, the earth being regarded as a sphere. 


7. Composite sailing is a modification of great-circle sailing to limit the maximum 
latitude. 


1002. Traverse tables, such as table 3, can be used in the solution of any of the 
sailings except great-circle and composite. Table 3 is basically the tabulation of the 
solutions of plane right triangles. Because the solutions are for integral values of the 
course angle and the distance, interpolation for intermediate values may be required. 
Through appropriate interchanges of the headings of the columns, solutions for other 
than plane sailing can be effected. For the solution of the plane right triangle, any 
number N in the distance (Dist.) column is the hypotenuse; the number opposite in 
the difference of latitude (D. Lat.) column is N times the cosine of the acute angle; 
and the other number opposite in the departure (Dep.) column is N times the sine 
of the acute angle. Or, the number in the D. Lat. column is the value of the side ad- 
jacent, and the number in the Dep. column is the value of the side opposite the acute 

angle. Hence, if the acute angle is the course 
Dep. (p) p angle, the side adjacent in the D. Lat. column is 

2 meridional difference m; the side opposite in the 

(L>,X>) Dep. column is DLo. If the acute angle is the 
midlatitude of the formula p=DLo cos Lm, then 
DLo is any value N in the Dist. column, and the 
departure is the value N <cos Lm in the D. Lat. 
column. 

1003. Plane sailing.—In plane sailing the 
figure formed by the meridian through the point 
of departure, the parallel through the point of 
arrival, and the course line is considered a plane 
right triangle. This is illustrated in figure 1003, 
in which P, and P, are the points of departure 
and arrival, respectively. The course angle and 
the three sides are as labeled. From this triangle: 


DAE) 4) 


Msg (0) 


mk: sida _P. 
cos C=pH sin C=pH tan C=; 


Pa ee From the first two of these formulas the following 
ie wai relationships can be derived: 


Figure 1003.—The plane sailing : 
triangle. l=D cos C D= sec C p=D sin C. 


The usual problems solved by plane sailing are: (1) given the course and distance, 
find the difference of latitude and the departure; and (2) the reverse of this. It is good 
practice to label J, N or S, and p, E or W, to aid in identification of the quadrant of the 
course. Logarithmic and traverse table solutions are illustrated in the following examples: 

Example 1.—A vessel steams 188.0 miles on course 005°. 

Required.—(1) Difference of latitude, (2) departure. 
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Solution.—By computation: 


D 188.0 mi. log 2.27416 log 2.27416 
C 005° l cos 9.99834 l sin 8.94030 
(1) 1 18773N log 2.27250 
(2) p 16.4 mi. E log 1.21446 


In the solution by computation, 2.27416 is the logarithm (‘‘og’’) of 188.0, and 
9.99834 is the logarithmic cosine (‘7 cos’’) of 5°. 


The labels (N, S, E, W) of J, p, and C are determined by noting the direction of 
motion or the relative positions of the two places. 


Solution.—By inspection of table 3: 


Refer to figure 1003a. Enter table 3 and turn the pages to find course 005° at the 
top of the page. Using the column headings at the top of the table, opposite 188 in the 
Dist. column extract D. Lat. 187.3 and Dep. 16.4. 

(1) D. Lat. 187/3N. 

(2) Dep. 16.4 mi. E. 


If the course were 085°, 095°, 265°, or 275°, the column headings at the bottom of 
the table would be used. 
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Fieure 1003a.—Extract from table 3. 


If, in example 1, the vessel steamed 18.8 miles instead of 188 miles, the values for 
D. Lat. and Dep. would be extracted opposite 188 in the Dist. column and then be 
divided by 10. 

Example 2.—A ship has steamed 136.0 miles north and 203.0 miles west. 

Required.—(1) Course, (2) distance. 
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Solution.— By computation: (1) tan O=f (2) D=1 sec C 


p 203.0 mi.W log 2.30750 
1 136/0N log (—) 2.13354 log 2.13354 
C N56°10'8W / tan 0.17396 Usec 0.25447 
(2) D 244.3 mi. log 2.38801 


(1) Cn 303°8 

Solution.—By inspection of table 3: 

Refer to figure 1003b. Enter table 3 and turn the pages until the numbers 136 and 
203 are found abreast each other in the columns labeled D. Lat. and Dep., respectively. 
This occurs most nearly on the page for course angle 56°. Therefore, the course is 304°. 
Interpolating for intermediate values, the corresponding number in the Dist. column 
is about 244.3. 

(1) C 304°. 

(2) D 244.3 mi. 


326° | 034° TABLE 3 ~ 326° | 034° 
214°! 146° 34° 214° | 146° 


Traverse 


i [i [oe PoP Fe Pomoc [ww Yo [oc [om [ow Po [oe 


60 | 49.7 | 33.6] 20] 99.5] 67.1] 80] 149.2 |100.7 | 40 | 199.0 [134 2 | 300 | 248.7 | 167.8 


a a os 


Figure 1003b.—Extract from table 3. 


When the course is near 090° or 270°, the solution of C to the nearest O°1 only may 
introduce a large error in distance. 

1004. Traverse sailing.—A traverse is a series of courses, or a track consisting of a 
number of course lines, as might result from a sailing vessel beating into the wind. 
Traverse sailing is the finding of a single equivalent course and distance. 

Solution is usually made by means of the traverse tables, the distance to the north 
or south and that to the east or west on each course being tabulated, the algebraic 
sum of difference of latitude and departure being found, and the result being converted 
to course and distance. 

Ezample.—A ship steams as follows: course 158°, distance 15.5 miles; course 
135°, distance 33.7 miles; course 259°, distance 16.1 miles; course 293°, distance 39.0 
miles; course 169°, distance 40.4 miles. 

Required.—Equivalent single (1) course, (2) distance 


574 THE SAILINGS 


Solution.—Solve for each leg as in example 1, article 1003. Tabulate the answers 
as follows: 


Course Dist. | N | S | E | WwW 
o mi. mi. mi. mi. mi. 
158 15.5 14.4 5.8 
135 Sonn 23.8 23.8 
259 16.1 Sul 15.8 
293 39.0 15.2 35.9 
169. 40.4 39.7 Toll 
15.2 81.0 Biles Sil s7/ 
aE, Bix 
(1) (2) SSS Sa 
192.3 67.3 65.8 14.4 


For course 158°, the values for D. Lat. and Dep. are extracted opposite 155 in 
the Dist. column. The values are then divided by 10 and rounded off to the nearest 
tenth. 

Convert / 65:8 S, p 14.4 mi. W to equivalent single course and distance. 

1005. Parallel sailing consists of the interconversion of departure and difference of 
longitude. It is the simplest form of spherical sailing. The formulas for these trans- 
formations are: 


DLo=p sec L p=DLo cos L. 


Example 1—The DR latitude of a ship on course 090° is 49°30’N. The ship steams 
on this course until the longitude changes 3°30’. 

Required.—The departure. 

Solution.—By computation: p=DLo cos L 


DLo 210’E log 2.32222 
L 49°30’N 1 cos 9.81254 
p 136.4 mi. E log 2.13476 


Solution.—By inspection of table 3: 

Refer to figure. 1005a. Enter table 3 with latitude as course angle and substitute 
DLo as the heading of the Dist. column and Dep. as the heading of the D. Lat. column. 
As the table is computed for integral degrees of course angle (or latitude), the tabula- 
tions in the pages for 49° and 50° must be interpolated for the intermediate value 
(49°30’). The departure for latitude 49° and DLo 210’ is 137.8 miles. The departure 
for latitude 50° and DLo 210’ is 135.0 miles. Interpolating for the intermediate latitude, 
the departure is 136.4 miles. 

Example 2.—The DR latitude of a ship on course 270° is 38°15’S. The ship steams 
on this course for a distance of 215.5 miles. 

Required.—The change in longitude. 

Solution —By computation: DLo=p sec L 


p 215.5 mi. W log 2.33345 
L 38°15/S L sec 0.10496 
DLo  274/4W log 2.43841 


DLo 4°34'4W 
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319°| 041° TABLE 3 319° | 041° 
221°) 139° 41° Table Maly | loo 


Traverse 


DiStes mea alae, Dep. bist | Di Lat Dep | vis D. Lat Dep Dist D. Lat | Dep. | Dist. | D, Lat | Dep 


131.9] 261 
132.5 
133. 2 
133. 8 
134.5 
135.1 
135. 8 
136.5 


61.1 
61.9 
62.6 
63. 4 
64. 2 
64.9 
65. 7 
66. 4 
67.2 
67.9 


Fiaure 1005a.—Extracts from table 3. 


Dep. 136.4 mi E. 

Solution.—By inspection of table 3: 

Refer to figure 1005b. Enter table 3 with latitude as course angle and substitute 
DLo as the heading of the Dist. column and Dep. as the heading of the D. Lat. column. 
As the table is computed for integral degrees of course angle (or latitude), the tabula- 
tions in the pages for 38° and 39° must be interpolated for the minutes of latitude. 
Corresponding to Dep. 215.5 miles in the former is DLo 273/5, and in the latter DLo 
277/3. Interpolating for the minutes of latitude, the DLo is 274/4. 


TABLE 3 322° | 038° 
38° 218° | 142° 


Traverse 


Figure 1005b.—Extracts from table 3. 
DLo 274/4W or 4°34/4W. 


1006. Middle-latitude sailing, popularly called mid-latitude sailing, combines plane 
sailing and parallel sailing. Plane sailing is used to find difference of latitude and de- 
parture when course and distance are known, or vice versa. Parallel sailing is used to 
interconvert departure and difference of longitude. The mean latitude (Lm) is normally 
used for want of a practicable means of determining the middle latitude, the latitude at 
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which the arc length of the parallel separating the meridians passing through two 
specific points is exactly equal to the departure in proceeding from one point to the 
other. The formulas for these transformations are: 


DLo=p sec Lm p=DLo cos Lm. 


The mean latitude (Lm) is half the arithmetical sum of the latitudes of two places 
on the same side of the equator. The mean latitude is labeled N or S to indicate whether 
it is north or south of the equator. If a course line crosses the equator, that part on 
each side (the north latitude and south latitude portions, respectively) should be solved 
separately. 

This sailing, like most elements of navigation, contains certain simplifying approxi- 
mations which produce answers somewhat less accurate than those yielded by more 
rigorous solutions. For ordinary purposes, however, the results are more accurate 
than the navigation of the vessel using them. From time to time suggestions have 
been made that a correction be applied to eliminate the error introduced by assuming 
that the meridians of the point of departure and of the destination converge uniformly 
(as the two sides of a plane angle), rather than as the sine of the latitude (approximately) . 
The proposed correction usually takes the form of some quantity to be added to or 
subtracted from the middle latitude to obtain a ‘“‘corrected middle latitude”’ for use in 
the solution. Tables giving such a correction have been published for both spherical 
and spheroidal earths. However, the actual correction is not a simple function of the 
middle latitude and the difference of longitude, as assumed, because the basic formulas 
of the sailing are themselves based upon a sphere, rather than a spheroid. Hence, the 
use of such a correction is misleading, and may introduce more error than it eliminates. 
The use of any correction is not considered justified; if highly accurate results are re- 
quired, a different method should be used. 

Example 1.—A vessel steams 1,253.0 miles on course 070° from lat. 15°17‘0 N, long. 
151°37/0 E. 

Required.—(1) Latitude and (2) longitude of the point of arrival. 


Solution. — By computation: (1) 1=D cos C; p=D sin C (2) DLo=p sec Lm 


D_ 1253.0 mi. log 3.09795 log 3.09795 
C 070° l cos 9.53405 l sin 9.97299 
1 428'6 N log 2.63200 
p 1177.4 mi. E log 3.07094 
Lm 18°51'3 N l sec 0.02395 
DLo 1244/2 E log 3.09489 
Lo521720 N Le 15°70. N 
708-6 Yl 3°34'3 N 
(1) L, 22°25'6 N Lm 18°51'3 N 


 151°37/0 E 
DLo 20°44'2 E 
(2) A» 172°21'2 E 


Solution.—By inspection of table 3: 

Refer to figure 1006a. Enter table 3 with course 070° and distance 1,253 miles to 
find D. Lat. 429’ and Dep. 1,178 miles. Because a number as high as 1,253 is not tabu- 
lated in the Dist. column, the values for D. Lat. and Dep. are obtained for a distance of 
125.3 miles, and then multiplied by 10. The latitude of the point of arrival being 22°26’N, 
the mean latitude (Lm) is 18°51/5N. 
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340° | 020° TABLE 3 340° | 020° 
200° ' 160° Traverse 20° Table 200° ! 160° 


=) 
® 
3 


0.3 57. 3 170.1 | 61.9 | 241 | 226.5 | 82.4 
0.7 58.3 82 | 171.0 | 62.2 | 42 | 227. 82.8 
1.0 59. 2 83 | 172.0 F 43 83.1 
1.4 } 83.5 
1.7 83.8 
Zak 84.1 
2.4 84.5 


Poe [ ie [or a [Yo 


D. Lat. 
N x Cos. 
Side Adj. 


Dep. 
Nx Sin. 
Side | Side Opp._| 


Hypotenuse 


TABLE 3 342° . 018° 
Traverse 18° Table 198°! 162° 
D. Lat. Dep. Dist. | D. Lat Dep. ; Dep. Dist. | D. Lat. Dep. 


1 1.0] 0.39 61] 58.0] 18.9 § 121 ae 1 | 37.4 | 181 | 172.1 | 55.9 | 241 | 229.2 | 74.5 
2 1.9] 0.6] 62 E ; 22 37. 82 | 173.1 | 56.2 | 42 | 230.2 | 74.8 
8 2.9) 0.9] 63 E 83 | 174.0 | 56.6} 43 | 231.1 | 75.1 
4 3.8] 1.2] 64 8 38.3 § 84] 175.0 | 56.9] 44 | 232.1 | 75.4 
5 4.8| 1.5 -1§ 25 | 118.9 | 38.6 233.0 | 75.7 


Dep 


288° | 072° 
202° | 108° 


Dep. D. Lat.§ Dist. Dep. | D. Lat. 


TABLE 3 341° | 019° 
Traverse 19° Table LOSS 1e1S 
Dep. Dist. 


181 
82 


Dist. ee Re ae Lat] Dieses, |e Dep |p. Lat, . Dist: 


cove Ots 
251° | 109° 


Figure 1006a.—Extracts from table 3. 
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Reenter table 3 with the mean latitude as course angle and substitute DLo as 
the heading of the Dist. column and Dep. as the heading of the D.Lat. column. As 
the table is computed for integral degrees of course angle (or latitude), the tabulations 
in the pages for 18° and 19° must be interpolated for the minutes of Lm. Corresponding 
to Dep. 1,178 in the former is DLo 1,239’, and in the latter is DLo 1,246’. Interpolating 
for the minutes of Lm, the DLo is 1,245’. (The values of DLo are obtained for a de- 
parture of 117.8 miles and then multiplied by 10). 


L, 1591720 AN EP 445°d 70-N 
D. Lat. 7°09'0 N. ¥D.Lat. 3°34'5 N Dep. DLo(18°) DLo(19°) 
(1) Li,  ~22°26.0_N Lm” 18°51'5 N 1178 mi. 1239’ 1246’ 


he 151237208 
DLo 20°45/0 E DLo 1245’ 
(2) \, 172°22'0 B 


Example 2.—A vessel at lat. 8°48/9S, long. 89°53/3 W is to proceed to lat. 17°06/9S, 
long. 104°51'6 W. 


Required.—(1) Course, (2) distance. 
Solution.—By computation: (1) p=DLo cos Lm; tan C= (2) D=1 sec C 


L, 8°48/9S 4, 89°53'3W 
L, 17°06/9S A. 104°51'6W 
L 8°18/0S DLo 14°58'3W 
¥] 4°09/0S DLo 898'3W 
Lm 12°57/9S 
DLo 898/3 W log 2.95342 
Lim-12°5729'S l cos 9.98878 
p 875.4 mi. W log 2.94220 
l 498/08 log (—) 2.69723 log 2.69723 
C S$ 60°21°9 W l tan 0.24497 l sec 0.30586 
(2) D 1007.1 mi. log 3.00309 


(1) Cn 240°4 


The labels (N, S, E, W) of J, p, and C are determined by noting the direction of 
motion or the relative positions of the two places. 


Solution.—By inspection of table 3: 


Refer to figure 1006b. Enter table 3 with the mean latitude as course angle and 
substitute DLo as the heading of the Dist. column and Dep. as the heading of the D. Lat. 
column. Since the table is computed for integral values of course angle (or latitude), it 
is usually necessary to extract the value of departure for values just less and just 
greater than the Lm, and then interpolate for the minutes of Lm. In this case where 
Lm is almost 13°, enter table 3 with Lm 13° and DLo 898'3 to find Dep. 875 miles. 
The departure is found for DLo 89'9, and then multiplied by 10. 
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Reenter table 3 and turn the pages until the numbers 875 and 498 are found 
abreast each other in the columns labeled Dep. and D. Lat., respectively. Because 
these high numbers are not tabulated, it is necessary to divide the departure and differ- 
ence of latitude by 10, and then inspect to find 87.5 and 49.8 abreast each other. This 
occurs most nearly on the page for course angle 60° (fig. 1006c). Interpolating for 
intermediate values, the corresponding number in the Dist. column is about 100.5. 
Multiplying this number by 10, the distance is found as about 1,005 miles. 


' TABLE 3 oat (Ora: 
Oe Traverse 13° Table 193" lot” 
Dist | D. Lat. | Dep. Dep. z= | D. vat | bep. | vist | > vat | Dep. | Dist. [ ». Lat. | Dep. 


67 | 260. 2 
68 | 261.1 
69 | 262.1 


70 | 263.1 


Dist | Dep Dy: Lat] dist. | Dep. [peat [ ist | Dep. D. Lat. 
289° OTF iris 
PST || AOR 
Figure 1006b.—Extracts from table 3. 
330° I) 030" TABLE 3 330° | 030° 
ZO ml W5Oe Traverse 30° Table 210° bo0° 
Dist.| D. Lat. | Der. 


60 | 138.6 | 80.0} 20 | 190.5 |110.0] 80 | 242.5 | 140.0 
4161 | 139.4 | 80.5 | 221 | 191.4 | 110.5} 281 | 243.4 | 140.5 
62 | 140.3 | 81.0} 22 | 192.3 |111.0] 82 | 244.2 | 141.0 


is 
a 


N. Nx Cos. Nx Sin. 


Ficure 1006c.—Extracts from table 3. 


C S60°W. 
(1) Cn 240°. 
(2) 1005 mi. 


580 


carder ES S| 


Figure 1007a.—Mercator sailing 
relationships. 
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The labels (N, S, E, W) of J, p, DLo, and C are 
determined by noting the direction of motion or the 
relative positions of the two places. 


When the course is near 090° or 270°, the solu- 
tion of C to the nearest 0°1 only may introduce a large 
error wn distance. 

1007. Mercator sailing problems are solved graph- 
ically when measurement is made on a Mercator chart. 
Graphical solution can also be made as shown in 
figure 1007a. The lower part is identical with the 
plane sailing triangle, figure 1003. For mathematical 
solution the formulas of Mercator sailing are: 


tan pio 
m 


DLo=m tan C. 


Following solution of course angle by Mercator sail- 
ing, the solution of distance is by means of the plane 
sailing formula: 

D=l1 sec C. 


Solution can be made by computation or by traverse 
table. 


Example 1.—A ship at lat. 32°14‘7N, long. 66°28/9W is to head for a point near 
Chesapeake Light, lat. 36°58/7N, long. 75°42/2W. 
Required.—(1) Course, (2) distance. 


Solution.—By computation: 


L, 32°14'7 N 

L, 36°58'7 N 
1 4°44'0 N 
L 284'0 N 

DLo 553'3 W 

m 343.7 

C N58°09'1W 
1 284'0 N 


(2) D 538.2 mi. 
(1) Cn 301°8 


(1) tan Osa (2) D=l sec C 
M, 2033.3 \, 66°28'9 W 
M, 2377.0 A, 75°42'2 W 
m 343.7 DLo 9°13'3 W 
DLo — 553/3 W 
log 2.74296 
log (—) 2.53618 
1 tan 0.20678 Lsec 0.27764 
log 2.45332 
log 2.73096 


Solution.— By inspection of table 8: 

Refer to figure 1007b. Substitute m as the heading of the D. Lat. column and DLo 
as the heading of the Dep. column. Turn the pages of table 3 until the numbers 343.7 
and 553.3 are found abreast in the columns relabeled m and DLo, respectively. 

Because a number as high as 343.7 is not tabulated in the m column, it is necessary 
to divide m and DLo by 10. Then inspect to find 34.4 and 55.3 abreast in the m and 
DLo columns, respectively. This occurs most nearly on the page for course angle 58° 


or course 302°. 


Reenter table 3 with course 302° to find Dist. for D. Lat. 284/0. 


C N58°W. 
(1) Cn 302°. 
(2) D 536 mi. 
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328° | 032° TABLE 3 328° | 032° 
212°! 148° oc, Table 212° | 148° 


Traverse 


Seapnesess 


o1 
52 
53 
54 
55 
56 
57 
58 
4 


KFNRANDOORr OH 


Sewage 


FicuRE 1007b.—Extract from table 3 composed of parts of left- and right-hand pages for course 
angle 58°. 


Example 2.—A ship at lat. 75°31/7N, long. 79°08‘7W, in Baffin Bay, steams 
263.5 miles on course 155°. 

Required.—(1) Latitude and (2) longitude of point of arrival. 

Solution.—By computation: 


D 263.5 mi. log 2.42078 
C 155° l cos 9.95728 l tan 9.66867 
1 238/88 log 2.37806 
m 846.3 log 2.92752 
DLo 394/6 E log 2.59619 
Tip oli N M, 7072.4 , 79°08/7 W 
L 3°58'8S DLo 6°34'/6 E 
(1) Loe 1° 32-0 Ni M, 6226.1 (2) ry 72°8411 W 
m 846.3 


The labels (N, S, E, W) of J, DLo, and C are determined by noting the direction 
of motion or the relative positions of the two places. 

If the course is near 090° or 270°, a small error in C introduces a large error in DLo. 
The solution for CO to the nearest 0°1 only may introduce a large error in distance if the 
course 1s near 090° or 270°. 

Solution.—By inspection of table 3: 

Refer to figure 1007c. Enter table 3 with course 155° and Dist. 263.5 miles to find 
D. Lat. 238/8. The latitude of the point of arrival is found by subtracting the D. Lat. 
from the latitude of the point of departure. Determine the meridional difference by 
table 5 (m=846.3). 
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Reenter table 3 with course 155° to find the DLo corresponding to m=846.3. 

Substitute meridional difference m as the heading of the D. Lat. column and DLo 
as the heading of the Dep. column. Because a number as high as 846.3 is not tabulated 
in the m column, it is necessary to divide m by 10 and then inspect the m column for a 
value of 84.6. Interpolating as necessary, the latter value is opposite DLo 39/4. The 
DLo is 394’ (39/410). The longitude of the point of arrival is found by applying the 
DLo to the longitude of the point of departure. 


TABLE 3 335° | 025° 
25° \ Fable 205° | 155° 


Traverse 


Dist. [> Lat. | Dep. Dist 


13 | 193.0 | 90.0 | 73 | 247.4 | 115.4 
14 | 193.9 } 90.4] 74 | 248.3 | 115.8 


295° | 065° 
245° | 115° 


Freure 1007c.—Extracts from table 3. 


(1) L, 71°32/9 N. 

(2) Ap 72°34/7 W. 

1008. Rhumb lines and great circles.—The principal advantage of a rhumb line 
is that it maintains constant true direction. A ship following the rhumb line between 
two places does not change true course. A rhumb line makes the same angle with all 
meridians it crosses and appears as a straight line on a Mercator chart. It is adequate 
for most purposes of navigation, bearing lines (except long ones, as those obtained by 
radio) and course lines both being plotted on a Mercator chart as rhumb lines, except 
in high latitudes. The equator and the meridians are great circles, but may be consid- 
ered special cases of the rhumb line. For any other case, the difference between the 
rhumb line and the great circle connecting two points increases (1) as the latitude 
increases, (2) as the difference of latitude between the two points decreases, and (3) as 
the difference of longitude increases. It becomes very great for two places widely 
separated on the same parallel of latitude far from the equator. 

A great circle is the intersection of the surface of a sphere and a plane through the 
center of the sphere. It is the largest circle that can be drawn on the surface of the 
sphere, and is the shortest distance, along the surface, between any two points on the 
sphere. Any two points are connected by only one great circle unless the points are 
antipodal (180° apart on the earth), and then an infinite number of great circles passes 
through them. Thus, two points on the same meridian are not joined by any great 
circle other than the meridian, unless the two points are antipodal. If they are the 
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poles, all meridians pass through them. Every great circle bisects every other great 
circle. Thus, except for the equator, every great circle lies half in the northern hemi- 
sphere and half in the southern hemisphere. Any two points 180° apart on a great 
circle have the same latitude numerically, but contrary names, and are 180° apart in 
longitude. The point of greatest latitude is called the vertex. For each great circle 
there is one of these in each hemisphere, 180° apart. At these points the great circle 
is tangent to a parallel of latitude, and hence its direction is due east-west. On each side 
of these vertices the direction changes progressively until the intersection with the 
equator is reached, 90° away, where the great circle crosses the equator at an angle equal 
to the latitude of the vertex. As the great circle crosses the equator, its change in 
direction reverses, again approaching east-west, which it reaches at the next vertex. 


On a Mercator chart a great circle appears as a sine curve extending equal distances 

each side of the equator. The rhumb line connecting any two points of the great circle 

on the same side of the equator is a chord of the curve, being a straight line nearer 
the equator than the great circle. Along any intersecting meridian the great circle 

crosses at a higher latitude than the rhumb line. If the two points are on opposite sides 

of the equator, the direction of curvature of the great circle relative to the rhumb line 

changes at the equator. The rhumb line and great circle may intersect each other, and 

if the points are equal distances on each side of the equator, the intersection takes 

place at the equator. 


1009. Great-circle sailing is used when it is desired to take advantage of the shorter 
distance along the great circle between two points, rather than to follow the longer 
rhumb line. The arc of the great circle between the points is called the great-circle 
track. If it could be followed exactly, the destination would be dead ahead throughout 
the voyage (assuming course and heading were the same). The rhumb line appears the 
more direct route on a Mercator chart because of chart distortion. The great circle 
crosses meridians at higher latitudes, where the distance between them is less. 


The decision as to whether or not to use great-circle sailing depends upon the 
conditions. The saving in distance should be worth the additional effort, and of course 
the great circle should not cross land, or carry the vessel into dangerous waters or 
excessively high latitudes. A slight departure from the great circle or a modification 
called composite sailing (art. 1011) may effect a considerable saving over the rhumb line 
track without leading the vessel into danger. If a fix indicates the vessel is a consider- 
able distance to one side of the great circle, the more desirable practice often is to 
determine a new great-circle track, rather than to return to the original one. 

Since a great circle is continuously changing direction as one proceeds along it, no 
attempt is customarily made to follow it exactly. Rather, a number of points are 
selected along the great circle, and rhumb lines are followed from point to point, taking 
advantage of the fact that for short distances a great circle and a rhumb line almost 
coincide. 

1010. Great-circle sailing by computation.—In figure 1010a, 1 is the point of de- 
parture, 2 the destination, P the pole nearer 1, 1XV2 the great circle through 1 and 2, 
V the vertex, and X any point on the great circle. The arcs P1, PX, PV, and P2 are the 
colatitudes of points 1, X, V, and 2, respectively. If 1 and 2 are on opposite sides of 
the equator, P2 is 90° + L». The length of arc 1-2 is the great-circle distance between 
1 and 2. Arcs 1-2, Pl, and P2 form a spherical triangle. The angle at 1 is the initial 
great-circle course from 1 to 2, that at 2 the supplement of the final great-circle course 
(or the initial course from 2 to 1)y and that at P the DLo between 1 and 2. 


Great-circle sailing by computation usually involves solution for the initial great- 
circle course; the distance; latitude and longitude, and sometimes the distance, of the 
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vertex; and the latitude and longitude of various points (X) on the great circle. The 
computation for initial course and the distance involves solution of an oblique spherical 
triangle, and any method of solving such a 
triangle can be used. If 2 is the geo- 
graphical position (GP) of a celestial body 
(the point at which the body is in the 
zenith), this triangle is solved in celestial 
navigation, except that 90°—D (the alti- 
tude) is desired instead of D. The solu- 
tion for the vertex and any point X 
usually involves the solution of right 
spherical triangles. 

Although various formulas can be 
used, haversine formulas are considered 
most suitable for determining initial 
course and the distance, as these avoid 
the ambiguity that may arise through the 
use of trigonometric functions which do 
not indicate the quadrant in which the 
Fi@ure 1010a.—The navigational triangle of answer lies. In the formulas given below, 

great-circle sailing. : ; ae 

the subscripts refer to the points indi- 

cated in figure 1010a. All terms without subscripts are from 1 to 2, D, and DLo, are 

from 1 to V, and D,, and DLo,, are from V to X. Other quantities can be computed 

by interchanging 1 and 2 in figure 1010a and using the same formulas. The following 
formulas are suitable for great-circle sailing by computation: 


hav D=hav DLo cos L,; cos L,+hav 1 O2ib) 


which may be written hav D=hav 6++hav / (where hav 6=hav (22) 
DLo cos L, cos L,) 


hav C=sec L, esc D [hav coL,—hav 


(D~col,)] (23) 

sin C=sin DLo cos L, csc D (24) 

cos L,=cos L, sin C (25) 
sec L,=sec L, csc C (26) 

sin DLo,=cos C esc L, (27) 
esc DLo,=sec Cesc L, (28) 
sin D,=cos L, sin DLo, (29) 
esc D,=sec L, csc DLo, (30) 
tan L,=cos DLo,, tan L, (Sty) 
esc L,=cse L, sec D,z (32) 

esc DLo,,=cse D,,~sec L, (33) 
sec O,=csc L, csc DLo,, (34) 
cos DLo,,=tan L, cot L,. (35) 


Equation 21 is derived from equation 8b through the substitution of great-circle 
distance for zenith distance (D for z), latitude of destination for declination (L, for d), 
difference of latitude (J) (for (L~d), and difference of longitude for meridian angle 
(DLo for t). 
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Equation 23 is derived from the cosecant formula, equation 9b: 
hav B=[hav b\hav (a~c)] csc a csc oc. (9b) 


Substituting the parts of the navigational triangle of great-circle sailing in equation 9b, 
angle B is the initial great-circle course angle; side b is the colatitude of the destination, 
col,; side a is the great-circle distance, D; and side c is the colatitude of the point of 
departure, col}. 


hav C=[hav coL,—hav (D~colL,)] esc D esc (90°—L) 
hav C=sec L, esc D [hav coL,—hav (D~colL,)]. (23) 


Equation 24 is derived from the law of sines: 


The angles and sides opposite of the oblique spherical triangle shown in figure 
1010b have by the law of sines the following relationship: 


sin a_sin b_ sin c 


a 3d 
sin A sinB sin C ee 
B 
coL 
: ; col, 
C 
A b D 
FiauRE 1010b.—Oblique spherical Ficure 1010c.—Navigational tri- 
triangle. angle of great-circle sailing. 


As applied to the navigational triangle of great-circle sailing shown in figure 1010c, 
the law of sines is stated as: 


sin (90°—L,) sin D 
sin C ~ sin DLo 


sin C=sin DLo cos I, esc D. (24) 


Equations 25 through 35 are derived by means of Napier’s Rules of Circular Parts. 

In applying the rules to the divided navigational triangle of great-circle sailing shown 

in figure 1010d, the five sectors of the circular parts diagrams are first completed. 

Applying the rule that the sine of a middle part equals the product of the cosines of the 
opposite parts: 

sin (90°—L,) =cos L, cos (90°—C) 
..cos L,=cos L, sin C (25) 
sec L,=sec L, esc C (26) 


sin (90°—C)=cos (90°—DLo,) cos (90°—L,) 
cos C=sin DLo, sin L, 


sin DLo,=cos C csc L, (27) 
csc DLo,=sec C-~csc L, (28) 
sin D,=cos L, cos (90°— DLo,) 
sin D,=cos L, sin DLo, (29) 


esc D,=sec L, csc DLo,. (30) 
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or Ly 
Dy V 


Fieure 1010d.—Divided navigational triangle and circular parts diagrams. 


In applying the rules to the divided navigational triangle shown in figure 1010e, 
the five sectors of the circular parts diagrams are first completed. Applying the rules 
that the sine of the middle part equals the product of (1) the tangents of the adjacent 
parts or (2) the cosines of the opposite parts: 


sin (90°—DLo,,)=tan L, cot L, 
cos DLo,,=tan L, cot L, 
tan L,=cos DLo,, tan L, (31) 


(ss 


Figure 1010e.—Divided navigational triangle and circular parts diagrams. 


sin L,=cos (90°—L,) cos D,,; 
sin L,=sin L, cos D,, 
csc L,=csc L, sec D,, (32) 


sin D,,=cos L, cos (90°—DLo,,) 
sin D,,=cos L, sin DLo,, 
esc DLo,,=cse D,,sec L, (aa) 


sin (90°—C)=cos (90°—L,) cos (90°—DLo,,) 
cos C,=sin L, sin DLo,, 
sec C,=csc L, csc DLo,, (34) 


sin (90°—DLo,,) =tan L, tan (90°—L,) 
cos DLo,,=tan L, cot L,. (35) 


Equations 32 and 33 are useful for finding points at approximately equal distances, 
along the great-circle, from the vertex. If D,, is greater than 90° (5400 nautical miles), 
L, is of contrary name to L,, and DLo,, is greater than 90°. 
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Equation 24 offers a simpler solution than the haversine formula, but unless L, 
is of the same name and equal to or greater than I, it leaves doubt as to whether C 
is less or greater than 90°. 

Equation 34 offers an even simpler solution but has the same limitations as equa- 
tion 24. Further, it requires a knowledge of the position of the vertex. 

Equation 35 is useful in determining the longitude (or DLo,,) at which the great- 
circle crosses selected parallels of latitude. If L, is of contrary name to L,, DLo,, is 
greater than 90°. The formula is also used in composite sailing. 


Example.—A ship is proceeding from Manila to Los Angeles. The captain wishes 
to use great-circle sailing from lat. 12°45/2N, long. 124°20/1E, off the entrance to 
San Bernardino Strait, to lat. 33°48/8N, long. 120°07/1W, five miles south of Santa 
Rosa Island. 

Required.—(1) The great-circle distance. 

(2) The great-circle course. 

(3) The latitude and longitude of the vertex. 

(4) The distance from the point of departure to the vertex. 

(5) The latitude and longitude of points at DLo intervals of 12° each side of the 
vertex. 

Solution. — By equations 22 and 28. 

(1) Determine difference of longitude (DLo) and difference of latitude (/). To 
determine DLo in this case, add the east and west longitudes and subtract from 360°; 
the DLo is east because the destination is eastward. 

(2) Determine the great-circle distance by equation 22, and then use this distance 
to compute the initial great-circle course by equation 23: 


hav D=hav DLo cos L, cos L,+hav 1 


which may be written 


hav D=hav 6+hav / (where hav 6=hav DLo cos L, cos Ly) (22) 
hav C=sec L, ese D [hav coL,—hav (D~colL,)]. (23) 
Distance 


(3) To obtain J hav @ of equation 22, add 1 hav DLo as extracted from table 34 to 
l cos L, and J cos Ly as extracted from table 33. 

(4) From table 34 extract the value of the natural haversine (n hav) of 6 corre- 
sponding to the J hav @ (the value of @ need not be found). 

(5) Add the natural haversines of 6 and / (as extracted from table 34) to obtain 
the natural haversine corresponding to the distance. 

(6) From table 34 extract the distance in arc units corresponding to the n hav 
value of 0.61331. 


A: 124°20/1 E 


de 120°07/1 W Add 
DLo 115°32’8 E 1 hav 9.85468 
L, 12°45'2 N 1 cos 9.98915 
L, 33°48’8 N 1 cos 9.91953 Add 
gak jabs l hav 9.76336 n hav 0.57991 
1 ~21°0376 N n hav 0.03340 


(1) D 103°05/9 n hav 0.61331 
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Course 


(7) Determine the values of col, and (D~col,) to be used in calculating the 
initial great-circle course angle by equation 23. CoL, is (90°—L,) if L, and L, are of the 
same name, and (90°+L,) if of contrary name. D~coL, is always the numerical 
difference between D and col. 

(8) From table 33 extract values of / sec L, and / csc D. These logarithms are to 
be added to the logarithm of the difference of the natural haversines of col, and 
(D~coL,). 

(9) From table 34 extract the values of the natural haversines of coL, and (D~ 
coL;); subtract n hav (D~colL,) from n hav col. 

(10) From table 34 extract the value of the log haversine corresponding to n hav 
of coL, minus (D~col,). 

(11) Add J sec Ly, / esc D, and J[hav coL,—hav(D~coL,)]. 

(12) For the J hav value found in (11), extract the corresponding degrees of arc 
as the initial great-circle course angle. 


Add 
Ty 12°452N lsec 0.01085 
D 103°05'9 Subtract lcse 0.01145 
coL, 56°11'2 n hav 0.22175 
D~coL, 25°51/1 n hav (—)0.05004 
n hav 0.17171 l hav 9.23480 
(2) Cn 050°3 C N50°19/3E lhav 9.25710 


The course and distance solutions are shown in a more compact format below. 


\, 124°20/1E 
re 120°07°1W 


DLo 115°32/8E l hav 9.85468 
L, 12°4572N l cos 9.98915 I sec 0.01085 
L, 33°48/8N Ll cos 9.91953 
6 l hav 9.76336 n hav 0.57991 
L 21°03/6N , n hav 0.03340 
D 103°05/9 n hav 0.61331 l esc 0.01145 
coL, 56°11/2 n hav 0.22175 
DwcoL, 25°51/1 n hav (—)0.05004 
n hav OA7173 lhav 9.23480 
(2) Cn 050/3 C N50°19/3E = 7 hav 9.25710 


(1) D 6185.9 mi. 


The Vertex 


(13) The latitude of the vertex, L,, is always numerically equal to or greater than 
L, or L,. If C is less than 90°, the nearer vertex is toward L,; but if C is greater than 
90°, the nearer vertex is in the opposite direction. The vertex nearer L, has the same 
name as Jy. 

(14) Using equation 25 to determine L,, add the / sin C to the / cos L, to obtain 
Ll cos Ly. 


cos L,=cos L, sin C (25) 
L, 12°45/2N l cos 9.98915 
C N50°19/3E Lsin 9.88629 


Te 4 2122N lL cos 9.87544 
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vertex (DLo,), add / cos C tol csc L, to obtain J sin DLo,. 
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(15) Using equation 27 to determine the difference of longitude of \, and the 


sin DLo,=cos C esc L, (27) 
| C N50°19/3E lL cos 9.80514 
| L, 41°21/2N lese 0.17999 
| »,  160°34/4W DLo, 75°05/5E Lsin 9.98513 


L, to 1 sin DLo, to obtain / sin D,. 


sin D,=cos L, sin DLo, 

| I, 12°45/2N 

| YX» 160°34/4W DLo, 75°05!/5E l sin 9.98513 
fH D,.. 70°28/5 

D, 4228.5 mi. 


The vertex solution is shown in a more compact form below. 


| Li 12°45 2N lcos 9.98915 

| C N50°19/3E lsin 9.88629 lL cos 9.80514 

(3), L, 41°21/2N locos 9.87544 lesc 0.17999 
A, 160°34/4W DLo, 75°05/5E Lsin 9.98513 
Dat 170°28%5 


(4) D, 4228.5 mi. 


Points on the Great-Circle Track 


(16) Using equation 29 to determine the distance to the vertex (D,), add 1 cos 


(29) 


l cos 9.98915 
lsin 9.98513 
Lsin 9.97428 


lL cos 9.98915 


Tsin 9.98513 
Lsin 9.97428 


(17) DLo, and D, of the nearer vertex are never greater than 90°. However, when 


_ L, and L, are of contrary name, the other vertex, 180° away, may be the better one to 
use in the solution for points on the great-circle track if it is nearer the mid point of 


the track. 


(18) The latitudes of points on the great-circle track can be determined for equal 


DLo intervals each side of the vertex using equation 31. 


(19) Using equation 31, the / cos DLo,, is added to the / tan L, to obtain / tan L,: 


tan L,=cos DLo,, tan L, 


DLo,z 12°00/0 Lcos 9.99040 DLo,, 24°00‘0 

L, 41°21/2N 1 tan 9.94457 L, 41°21'2N 
lbs. 40°43‘6N 1 tan 9.93497 L, 38°48'.1N 
No 160°34'4W Xp 160°34'/4W 
Az 172°34/4W (L299 W of xX.) Xz 175°25‘'6E 
Nz 148°34'.4 W: 2°: of "X,) 9 Ag 136°34/4W 


(31) 


l cos 9.96073 
l tan 9.94457 
Zl tan 9.90530 


(24° W of X,) 
(24° E of },) 


(20) L, has the same name as L, if DLo,, is less than 90°; if DLo,, is greater than 
90°, L, is of contrary name. The great-circle is a symmetrical curve about the vertex. 
Hence, any given DLo can be applied to }, in both directions (E and W) to find two 
points having the same latitude. For example, one point on the great circle 12° W of 
the vertex is at lat. 40°43/6N, long. 172°34'4W. A second point 12° E of the vertex is 


at lat. 40°43‘6N, long. 148°34‘4W. 
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The solution for points on the great-circle track is shown in a compact form 
below. 


DLo,z 12°00‘0 24°00‘0 36°00 ‘0 48°00/0 60°00/0 72°00°0 

lL cos DLo,z 9.99040 9.96073 9.90796 9.82551 9.69897 9.48998 

itan L, 9.94457 9.94457 9.94457 9.94457 9.94457 9.94457 

I tan L, 9.93497 9.90530 9.85253 9.77008 9.64354 9.43455 

(5) Lz 40°43/6 N 38°48 '1 N 35°27/2 N 30°29‘8 N 23°45/2 N 15°12‘9 N 
Az 172°34'4 W 175°25‘6 EB 163°25'6 E 151°25'6E 139°25°'6 E 127°25'6 E 
Az 148534 74 Wl 360044 Wi 1243 


Alternative Solution for Points on Track 


(21) The method of selecting the longitude (or DLo,,) and determining the latitude 
at which the great-circle crosses the selected meridian provides shorter legs in higher 
latitudes and longer legs in lower latitudes. Points at desired distances or desired equal 
intervals of distance on the great circle from the vertex can be determined using 
equations 32 and 33. 

(22) Using equation 32 to determine the latitudes of points at desired great-circle 
distances from the vertex (300 and 600 miles), / csc L, is added to / sec D,, (distance from 
vertex to point on great circle) to obtain / cse L,: 


esc L,=cse L, sec D,; (32) 
L, 41°91 49N Lesc 10.18000 1, 4129172N Lese 10.18000 
De 5° (300 miles) Jsec 10.00166 D,, 10° (600 miles) Jsec 10.00665 
Lg 41°09/7N Lese 10.18164 Lz 40°35/5N Zese 10.18665 


(23) Using equation 33 to determine the longitudes of points at the desired great- 
circle distances from the vertex, / sec L, is subtracted from / csc D,, to obtain J csc 


DLo,;: 
esc DLo,,=csc D,,+sec L, (33) 


D,, 5° (300 miles) J csc 11.05970 D;, 10° (600 miles) l esc 10.76033 
i, 41°09'7N l sec (—) 10.12329 lo 40°35/5N l sec (—) 10.11955 


DLo,, 6°38/9 l esc 10.93641 D6, 013°13/1 l ese 10.64078 
Ns 160°34/4W Ns 160°34'/4W 

Az 167°13/3W (west of vertex) rz 173°47'5W (west of vertex) 

Nz 153°55/5W (east of vertex) Az 147°21/3W (east of vertex) 


1011. Composite sailing— When the great circle would carry a vessel to a higher 
latitude than desired, a modification of great-circle sailing, called composite sailing, 
may be used to good advantage. The composite track consists of a great circle from 
the point of departure and tangent to the limiting parallel, a course line along the 
parallel, and a great circle tangent to the limiting parallel and through the destination. 

Solution of composite sailing problems is most easily made by means of a great- 
circle chart. Lines from the point of departure and the destination are drawn tangent 
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to the limiting parallel. The coordinates of various selected points along the composite 
track are then measured and transferred to a Mercator chart. 
Composite sailing problems can also be solved by computation. For this purpose 
equation 35 is used: 
cos DLo,, = tan L, cot Ly. (35) 


In the computation, the point of departure and the destination are used successively 
as point X. 

Ezxample.—aA ship leaves Baltimore, bound for Bordeaux (Royan), France. The 
captain desires to use composite sailing from lat. 36°57/7N, long. 75°42/2W, near 
Chesapeake Light, to lat. 45°39/1N, long. 1929'8W, near the entrance to Grande 
Passe de ]’Ouest, limiting the maximum latitude to 47°N. 

Required.—(1) The longitude at which the limiting parallel is reached. (2) The 
longitude at which the limiting parallel should be left. 


Solution.— 
Li, (36°S7/7N ltan 9.87651 
L, 45°39/1N l tan 0.00988 
L, 47°00/0N lL cot 9.96966 l cot 9.96966 
DLo,, 45°26/1E lLcos 9.84617 
DLo,, 17°27/0W l cos 9.97954 


(1) An 30°16°1 W 
(2) Ne 18°56°8 W 


Composite sailing applies only when the vertex lies between the point of departure 
and the destination. 

The remainder of the problem is one of solving the two great circles by great- 
circle sailing and the east-west portion by parallel sailing. Since both great circles 
have vertices at the same parallel, computation for C, D, and DLo,, can be made by 
considering them parts of the same great circle with L,, ly, and L, as given and 
DLo=DLo,,+DLo,. The total distance is the sum of the great-circle and parallel 
distances. In finding \, be careful to apply DLo,, to the correct vertex and in the correct 
direction. . 

1012. Great-circle sailing by table 35.—The divided navigational triangle of 
great-circle sailing is shown in figure 1012a. The parts of the triangle and special con- 
structions are labeled as follows: 


L,, the latitude of the point of departure. 

L,, the latitude of the destination. 

\1, the longitude of the point of departure. 

de, the longitude of the destination. 

R, perpendicular let fall from the point of destination upon the meridian of the point of 
departure. This is an auxiliary part. 

X, intersection of R with meridian through point of departure. 

K, arc from X to equator. This is an auxiliary part introduced to facilitate solution. 
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EQUATOR 


Ps 
Ficure 1012a.—The divided navigational triangle of great-circle sailing. 


The navigational triangle without auxiliary parts K and R is shown in figure 
1012b. In this figure, the parts not identified with figure 1012a are as follows: 


C, the initial great-circle course angle. 

C,, the great-circle course angle at point X on the great-circle track. 
D, great-circle distance. 

D,, distance to vertex from point of departure. 

D,z, distance from vertex to point X on great-circle track. 

DLo,, difference of longitude between point of departure and vertex. 
DLo,,, difference of longitude between the vertex and point X. 

L,, the latitude of point X. 

coL,, the colatitude of point X. 

\z, the longitude of point X. 


Formulas 


With DLo substituted for t, latitude of destination L, substituted for declination, 
C substituted for Z, and D substituted for z, equations 12a—-12d can be stated as: 


esc R=csc DLo sec L, (36) 
esc K=cse L,+sec R (37) 
sec D=sec R sec (K~L,) (38) 


esc C=csc Rese D. (39) 
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Figure 1012b.—The divided navigational triangle of great-circle sailing. 


Method of Solution by Table 35 


The letters A and B indicate from which column to take their corresponding 
logarithmic functions multiplied by 100,000. 

The following steps are taken to obtain the initial great-circle course angle and the 
great-circle distance in one combined solution: 

1. Enter the table with DLo and take from the A column the nearest tabulated 
number. Enter the table with L, and take the tabulated number from the B column. 
Add these numbers to obtain the A function of R. 

2. Look up the number thus obtained in the A column and take from the B column 
the opposite tabulated number. Subtract this from the function of L, taken from the 
A column. 

3. Enter the A column with the number thus obtained and take out the nearest 
tabulated value of K, the degrees from the top or bottom of the page and the minutes 
from the side. 

4. Give K the same name as L,. Combine K with L, to obtain (K~L)), adding 
K and L, if different names and subtracting the smaller from the larger if same name. 

5. Enter the table with (K ~L,) and take from the B column the nearest tabulated 
number. Add this to the B function of R. 

6. With the number thus obtained, enter the B column and take distance from the 
table. 
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7. To compute the initial great-circle course angle, look up the distance in the A 
column and subtract the number thus obtained from the A function of R which has 
already been determined. 

8. With this number, enter the A column and take out Z (course angle). 


Special Rules 


Because the great-circle distance D may be greater than 90° (5400 miles), the 
following special rules must be followed: 


Latitude of Departure and Destination are Same Name 


(1) When DLo is greater than 90°, take K from the bottom of the table. 

(2) Take C from the top of the table when K is greater than L,. Take C from the 
bottom of the table when K is less than I. 

(3) Take distance D from the top of table except when DLo and (K~L,) are both 
greater than 90°. 


Latitude of Departure and Destination are Contrary Name 


(4) When DLo is less than 90°, take K from the top of the table. When DLo is 
greater than 90°, take K from the bottom of the table. 
(5) Take C from the bottom of the table except when (K ~L),) is greater than 180°. 
(6) Take D from the bottom of the table except when DLo and (K~L,) are both 
less than 90°. 
(7) When (K~L,) exceeds 180°, subtract 180° before entering the table. 
Example.—A ship is proceeding from San Francisco to Sydney. The navigator 
desires to use great-circle sailing from lat. 37°47/5N, long. 122°27‘8W to lat. 33°51/7S, 
long. 151°12‘7E. 
Required.— 
(1) The great-circle distance. 
(2) The initial great-circle course. 
(3) The latitude and longitude of the vertex. 
(4) The distance of the vertex. 
(5) The latitude and longitude of points on the track 6° (360 miles) apart. 
Solution.—(1) Follow the steps given in Method of Solution by Table 35 to obtain 
the great-circle distance and initial great-circle course angle in one combined solution 
using the following equations: 


esc R=csc DLo sec Lp (36) 
esc K=csc L.+sec R (37) 
sec D=sec R sec (K~L,) (38) 
esc C=csc R-csc D. (39) 
re 451°12/7E 
M1 122°27/'8SW 
273°40/5 Add Subtract Add Subtract 
DLo 86°19/5W A 89.4 
L, 33°51.7> B 8070 A 25403 
R eet ag A 8159.4 B 25206 B 25206 A 8159.4 
K 84°33/0S A 197 
Li, 37°47/5N 
K~L, 1227205 B 27167 
D: arc 107°25/5 B 52373 A 2040 
6420+25.5 C N119°42‘'5W A 6119.4 


eb 6445.5 miles (2) Cn 240°17/5 
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(2) The latitude and longitude of the vertex are computed using equations 26 
and 28: 


sec L,=sec L, csc C (26) 
csc DLo,=sec Cesc L,. (28) 
The distance to the vertex is computed using equation 30, 


esc D,=sec L, esc DLo,. (30) 


Practical Rules 


If C is greater than 90°, L, is opposite in name from L,, and DLo, and D, are both 
taken from the bottom of the table. 


Add Subtract Add 
Ty 37°47/5N B 10224 B 10224 
C N119°42/5W A 6119.4 B 30488 
(3) L, 46°39/5S B 16343.4 A 13830 
DLo, 137°02‘!5W A 16658 A 16658 
1 122°27°8W | (4) D,°147°25’ A 26882 
259°30/3W 
(3) % 100°29/7E 


Since C is greater than 90°, L, is opposite in name from L,, and DLo, and D, 
are both taken from the bottom of the table. Note that the vertex does not fall between 
the point of departure and destination, but is past the destination. 

(3) The latitude and longitude of any point X on the great-circle track are com- 
puted using equations 32 and 33. 

esc L,=csc L, sec D,, (32) 


esc DLo,,=cse D,,~sec L,. (33) 


The course angle at any point X is computed using equation 34: 
sec C,=csc L, csc DLo,;. (34) 
Practical Rules 


If D,, is greater than 90°, L, is opposite in name from L,, and DLo,, and C, are 
both taken from the bottom of the table. C, is measured from the elevated pole of 
point X. 

To solve for points on the great-circle track at 6° intervals from the vertex using 
equations 32 and 33: 


D, 147°25/0 
D, 6°00/0 
D,. 141°25/0 


Add Subtract Add 
lb S A 13830 A 13830 
D,, 141°25/0 B 10696 A 20506 
(5) L, 34°39/0N A 24526 B 8479 
DLo,, 130°42/0E Any 12027 A 12027 
A» 259°30/3W C, N123°27’5W B 25857 


(5) Az 128°48'3W 


Note that the value L, is not set down. Its function is taken directly from the 


vertex solution. Since D,, is greater than 90°, L, is north and DLo,, and C, are taken 
from the bottom of table. 


596 THE SAILINGS 


To facilitate computation of the latitudes and longitudes of points along the 
great-circle track, equations 32 and 33 may be placed in a special column form. Compu- 
tation of various points for this problem is illustrated below. 


D, 147°25/ 147°25/ 147°25/ 147°25/ 147°25’ 147°25/ 
D, 6°00’ 12°00’ 18°00’ 36°00’ 54°00’ 60°00 
ie 141°25’ 135°25’ 129°25’ 111°25’ 93°25’ 87°25" 
L,S Aga & 13830 13830 13830 13830 13830 13830 
Diy: B 10696 14738 19726 43753 122478 134609 
io A 24526 28568 33556 57583 136308 148439 
ve 34°39/N 31°12/N 27°30/N 15°24/N 2°29'N 1°52/5S 
Ds, Sub, 4 20506 15370 11207 3107 Tad 44. 2 
ce ” B 8479 6785 5207 1588 40. 8 23. 3 
DLo,. A 12027 8585 6000 1519 36. 5 20. 9 
Die 130°42/0E 124°51/0E 119°26/0E 105°04‘/0E 92°21/0E 88°13/0E 
dW 259°30/3 —-259°30/3 —s-259°30/3 = 259°80/3 ~——-259°30/3 —«259°30/3 

dW 128°4873 —«:134°39'3 «14090478 +~—«:154°2673.-167°09'3  171°1773 


Note that between the fifth and sixth points L, changes from North to South 
and that DLo,, is taken from the top of the table instead of the bottom. It will be 
observed that D,, has become less than 90° between the fifth and sixth points. 

As has been previously stated, the vertex in this particular problem lies beyond 
the destination. When the vertex lies between the point of departure and destination, 
there are two points on the great-circle track which have the same latitude. In such 
cases one computation obtains two points on the curve, the latitude being the same 
for both points, but DLo,, is east in one case and west in the other, two different longi- 
tudes being thus obtained by applying DLo,, to \,. 


Problems 


1003a. A vessel steams 117.3 miles on course 214°. 

Required.—(1) Difference of latitude, (2) departure, by plane sailing. 

Answers.—(1) 1 97/28, (2) p 65.6 mi. W. 

1003b. A steamer is bound for a port 173.3 miles south and 98.6 miles east of the 
vessel’s position. 

Required.—(1) Course, (2) distance, by plane sailing. 

Answers.—(1) C 150°4; (2) D 199.4 mi. by computation, 199.3 mi. by traverse 
table. 

1004a. A ship steams as follows: course 359°, distance 28.8 miles; course 006°, 
distance 16.4 miles; course 266°, distance 4.9 miles; course 144°, distance 3.1 miles; 
course 333°, distance 35.8 miles; course 280°, distance 19.3 miles. 

Required.—(1) Course, (2) distance, by traverse sailing. 

Answers.—(1) C 334°4, (2) D 86.1 mi. 

1005a. The 1530 DR position of a ship is lat. 44°36/3N, long. 31°18‘/3W. The 
ship is on course 270°, speed 17 knots. 

Required.—The 2000 DR position, by parallel sailing. 

Answer.—2000 DR: L 44°36/3N, \ 33°05/7W. 

1005b. The captain of the ship of problem 1005a desires to change course when the 
ship arrives at long. 38°00/0W. 

Required.—Estimated time of arrival (ETA) at the turning point, by parallel 
sailing. 

Answer.—ETA 0819 the following day. 
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1006a. A vessel steams 263.3 miles on course 340° from lat. 16°32/2S, long. 1°04/4E. 

Required.—(1) Latitude and (2) longitude of the point of arrival, by middle- 
latitude sailing. 

Answers.—By computation or traverse table: (1) L 12°24/8S, (2) \ 0°28’/6W. 

1006b. A vessel leaves lat. 45°00/0N, long. 150°00/0W and arrives at lat. 38°18/7N, 
long. 1387°14/6W. 

Required.—(1) Course made good, (2) distance made good, by middle-latitude 
sailing. 

Answers.—(1) C 125°1; (2) D 698.6 mi. by computation, 697.9 mi. by traverse 
table. 

1006c. A vessel is at lat. 1°08/3S, long. 175°24/5E.It steams at 13.5 knots on course 
075° for 22°15". Twenty-four hours after that it is at lat. 0°06/6S, long. 174°20/0W. 

Required.—(1) Latitude and (2) longitude of the point of arrival after 22°15"; 
(3) course and (4) distance made good during the last 24 hours of steaming; and (5) 
course and (6) distance made good over entire period, by middle-latitude sailing. 

Answers.—(1) L 0°09‘'5N by computation, 0°09‘4N by traverse table; (2) 
\179°45/3W; (8) C 092°8; (4) D 325.7 mi. by computation, 338.3 mi. by traverse table; 
(5) C 084°3; (6) D 618.5 mi. by computation, 625.6 mi. by traverse table. ; 

1007a. A ship at lat. 33°53/3S, long. 18°23/1E, leaving Cape Town, heads for 
destination near Ambrose Light, lat. 40°27/1N, long. 73°49/4W. 

Required.—(1) Course and (2) distance, by Mercator sailing. 

Answers.—(1) C 310°9; (2) D 6,811.5 mi. by computation, 6,812.8 mi. by traverse 
table. Compare these answers with those of problem 1010, the great-circle sailing 
solution between the same points. 

1007b. A ship at lat. 15°03/7N, long. 151°26/8E steams 57.4 miles on course 035°. 

Required.—(1) Latitude and (2) longitude of the point of arrival, by Mercator 
sailing. 

Answers.—(1) L 15°50/7N, \ 152°00‘7E. 

1010. A ship leaves Cape Town bound for New York City. The captain decides 
to use great-circle sailing from lat. 33°53/3S, long. 18°23/1E (near Green Point Light) 
to near Ambrose Light, lat. 40°27/1N, long. 73°49/4W. 

Required.—(1) The initial great-circle course. 

(2) The great-circle distance. 

(3) The latitude and longitude of both vertices. 

(4) The distance from the point of departure to each vertex. 

(5) The latitude and longitude of points on the great circle at longitude 15°E and 
at each 5° of longitude thereafter to longitude 70°W. 

Answers.—(1) C 304°5. (2) D 6,762.7 mi. (3) L,46°49/4S, \,69°18/8E; L,46°49'4 
N, \, 110°41/2W. (4)D 2,407.5 mi. to eastern hemisphere vertex, 8,392.5 mi. to western 
hemisphere vertex. (5) L, 33°53/3S, \, 18°23/1E (point of departure); L, 31°52‘2S, 
hz 15°00/0E; L, 28°32/5S, dz 10°00/0E; L, 24°47/7S, », 5°00{0E; L, 20°37(85, 
Az 0°00/0; Lz 16°04/5S, \, 5°00/0W; L, 11°10/88, \,10°00/0W; Lz 6°01/7S, Az 15°00°0 
W; L,0°43/9S, 4,20°00/0W; L, 4°35/0N, A, 25°00/0W; Lz 9°47/2N, d, 30°00‘/0W; 
L, 14°45/7N, A, 35°00/0W; L, 19°25/0N, A, 40°00/0W; L, 23°41/5N, Az 45°00/0W; 
Lz 27°33/3N, Az 50°00/0W; L, 30°59’8N, A, 55°00/0W; L, 34°01/7N, dz 60°00‘0W; 
Lz 36°40/1N, dz 65°00/0W; L, 38°56/6N, \, 70°00/0W; Ly 40°27/1N, d, 73°49/4W 
(destination). 

1011. A ship is to steam from Valparaiso, Chile to Wellington, New Zealand. 
The captain wishes to use composite sailing from lat. 32°58/0S, long. 71°41/2W, off 
Punta Angeles Light, to lat. 42°00/0S, long. 175°00/0E, near Cape Palliser, limiting 
the maximum latitude to 50°S. 
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Required.—(1) The longitude at which the limiting parallel’is reached. 

(2) The longitude at which the limiting parallel should be left. 

(3) The initial great-circle course. 

(4) The total distance. 

(5) The latitude and longitude of points along the great circles at intervals of 10° 
of DLo from the vertices. 

Answers.—(1) dy 128°42/9W. (2) Aw. 144°04‘/3W. (3) C 230°0. (4) D 5,024.6 mi. 
(5) L, 32°58/0S, A, 71°41/2W (point of departure); L, 37°27'2S, \, 78°42‘'9W; L, 
42°23'6S, \, 88°42/9W; Li, 45°54/3S, d, 98°42/9W; L, 48°14/2S, d, 108°42/9W; L, 
49°34/1S, A, 118°42‘9W; Li, 50°00/0S, dr, 128°42/9W (first vertex); L,,. 50°00/0S, 
he 144°04'3W (second vertex); L, 49°34/1S, \, 154°04/3W; L, 48°14/2S, », 164°04'3 
W; L, 45°54/3S, d, 174°04/3W; L, 42°23'6S, \, 175°55!7E; L,. 42°00/0S, A, 175°00‘0E 
(destination). 


CHAPTER XI 
TIDE AND CURRENT PREDICTIONS 


1101. Tidal effects—The daily rise and fall of the tide, with its attendant flood 
and ebb of tidal current, is familiar to every mariner. He is aware, also, that at high 
water and low water the depth of water is momentarily constant, ‘a condition called 
stand. Similarly, there is a moment of slack water as a tidal current reverses direction. 
As a general rule, the change in height or the current speed is at first very slow, increasing 
to a maximum about midway between the two extremes, and then decreasing again. 
If plotted against time, the height of tide or speed of a tidal current takes the general 
form of a sine curve. Sample curves, and more complete information about causes, 
types, and features of tides and tidal currents, are given in volume I. Ocean (nontidal) 
currents are also discussed in volume I. The present chapter is concerned primarily 
with the application of tides and currents to piloting, and predicting the tidal conditions 
that might be encountered at any given time. 


Although tides and tidal currents are caused by the same phenomena, the time 
relationship between them varies considerably from place to place. For instance, if 
an estuary has a wide entrance and does not extend far inland, the time of maximum 
speed of current occurs at about the mid time between high water and low water. 
However, if an extensive tidal basin is connected to the sea by a small opening, the 
maximum current may occur at about the time of high water or low water outside the 
basin, when the difference in height is maximum. 

The height of tide should not be confused with depth of water. For reckoning tides 
a reference level is selected. Soundings shown on the largest scale charts are the vertical 
distances from this level to the bottom. At any time the actual depth is this charted 
depth plus the height of tide. In most places the reference level is some form of low 
water. But all low waters at a place are not the same height, and the selected reference 
level is seldom the lowest tide that occurs at the place. When lower tides occur, these 
are indicated by a negative sign. Thus, at a spot where the charted depth is 15 feet, 
the actual depth is 15 feet plus height of tide. When the tide is three feet, the depth is 
15+38=18 feet. When it is (—) 1 foot, the depth is 15—1=14 feet. It is well to remem- 
ber that the actual depth can be less than the charted depth. In an area where there is a 
considerable range of tide (the difference between high water and low water), the height 
of tide might be an important consideration in using soundings to assist in determining 
position, or whether the vessel is in safe water. 

One should remember that heights given in the tide tables are predictions, and that 
when conditions vary considerably from those used in making the predictions, the 
heights shown may be considerably in error. Heights lower than predicted are par- 
ticularly to be anticipated when the atmospheric pressure is higher than normal, or 
when there is a persistent strong offshore wind. Along coasts where there is a large 
inequality between the two high or two low tides during a tidal day the height predic- 
tions are less reliable than elsewhere. 

The current encountered in pilot waters is due primarily to tidal action, but 
other causes are sometimes present. The tidal current tables give the best prediction 
of total current, regardless of cause. The predictions for a river may be considerably 
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in error following heavy rains or a drought. The effect of current is to alter the course 
and speed made good over the bottom. Due to the configuration of land (or shoal areas) 
and water, the set and drift may vary considerably over different parts of a harbor. 
Since this is generally an area in which small errors in position of a vessel are of con- 
siderable importance to its safety, a knowledge of predicted currents can be critical, 
particularly if the visibility is reduced by fog, snow, etc. If the vessel is proceeding at 
reduced speed, the effect of current with respect to distance traveled is greater than 
normal. Strong currents are particularly to be anticipated in narrow passages connect- 
ing larger bodies of water. Currents of more than five knots are encountered from time 
to time in the Golden Gate at San Francisco. Currents of more than 13 knots sometimes 
occur at Seymour Narrows, British Columbia. 

In straight portions of rivers and channels the strongest currents usually occur in 
the middle, but in curved portions the swiftest currents (and deepest water) usually 
occur near the outer edge of the curve. Countercurrents and eddies may occur on 
either side of the main current of a river or narrow passage, especially near obstructions 
and in bights. 

In general, the range of tide and the speed of tidal current are at a minimum upon 
the open ocean or along straight coasts. The greatest tidal effects are usually en- 
countered in rivers, bays, harbors, inlets, bights, etc. A vessel proceeding along a 
coast can be expected to encounter stronger sets toward or away from the shore while 
passing an indentation than when the coast is straight. 

1102. Predictions of tides and currents to be expected at various places are pub- 
lished annually by the National Ocean Survey. These are supplemented by twelve 
sets of Tidal Current Charts, each set consisting of 12 charts, one for each hour of the 
tidal cycle. On these charts the set of the current at various places in the area is shown 
by arrows, and the drift by numbers. Since these are average conditions, they indicate 
in a general way the tidal conditions on any day and during any year. They are designed 
to be used with the tidal current tables (except those for New York Harbor, and 
Narragansett Bay, which are used with the tide tables). These charts are available for 
Boston Harbor, Narragansett Bay to Nantucket Sound, Narragansett Bay, Block 
Island Sound and Eastern Long Island Sound, Long Island Sound and Block Island 
Sound, New York Harbor, Delaware Bay and River, upper Chesapeake Bay, Charles- 
ton Harbor, San Francisco Bay, Puget Sound (northern part), and Puget Sound 
(southern part). Current arrows are sometimes shown on nautical charts. These represent 
average conditions and should not be considered reliable predictions of the conditions 
to be encountered at any given time. When a strong current sets over an irregular 
bottom, or meets an opposing current, ripples may occur on the surface. These are 
called tide rips. Areas where they occur frequently are shown on charts. 

Usually, the mariner obtains tidal information from tide and tidal current tables. 
However, if these are not available, or if they do not include information at a desired 
place, the mariner may be able to obtain locally the mean high water lunitidal interval 
or the high water full and change. The approximate time of high water can be found by 
adding either interval to the time of transit (either upper or lower) of the moon (art. 
733). Low water occurs approximately \% tidal day (about 6°12™) before and after the 
time of high water. The actual interval varies somewhat from day to day, but approxi- 
mate results can be obtained in this manner. Similar information for tidal currents 
(lunicurrent interval) is seldom available. 

1103. Tide tables for various parts of the world are published in four volumes by 
the National Ocean Survey. Each volume is arranged as follows: 

Table 1 contains a complete list of the predicted times and heights of the tide for 
each day of the year at a number of places designated as reference stations. 


TIDE AND CURRENT PREDICTIONS 601 


Table 2 gives differences and ratios which can be used to modify the tidal informa- 
tion for the reference stations to make it applicable to a relatively large number of 
subordinate stations. 

Table 3 provides information for use in finding the approximate height of the tide 
at any time between high water and low water. 

Table 4 is a sunrise-sunset table at five-day intervals for various latitudes from 
76°N to 60°S (40°S in one volume). 

Table 5 provides an adjustment to convert the local mean time of table 4 to zone or 
standard time. 

Table 6 (two volumes only) gives the zone time of moonrise and moonset for each 
day of the year at certain selected places. 

Certain astronomical data are contained on the inside back cover of each volume. 

Extracts from tables 1, 2, and 3 for the East Coast of North and South America 
are given in appendix L. 

1104. Tide predictions for reference stations.—The first page of appendix L is the 
table 1 daily predictions for New York (The Battery) for the first quarter of 1975. 
As indicated at the bottom of the page, times are for Eastern Standard Time (+5 zone, 
time meridian 75°W). Daylight saving time is not used. Times are given on the 24-hour 
basis. The tidal reference level for this station is mean low water. 

For each day, the date and day of week are given, and the time and height of each 
high and low water are given in chronological order. Although high and low waters 
are not labeled as such, they can be distinguished by the relative heights given immedi- 
ately to the right of the times. Since two high tides and two low tides occur each tidal 
day, the type of tide at this place is semidiurnal. The tidal day being longer than the 
cwil day (because of the revolution of the moon eastward around the earth), any given 
tide occurs later from day to day. Thus, on Saturday, March 29, 1975, the first tide that 
occurs is the lower low water (—1.2 feet at 0334). The following high water (lower high 
water) is 4.9 feet above the reference level (a 6.1 foot rise from the preceding low water), 
and occurs at 0942. This is followed by the higher low water (—0.9 feet) at 1547, and 
then the higher high water of 5.5 feet at 2206. The cycle is repeated on the following 
day with variations in height, and later times. 

Because of later times of corresponding tides from day to day, certain days have 
only one high water or only one low water. Thus, on January 17 high tides occur at 
1120 and 2357. The next following high tides are at 1154 on January 18 and 0029 on 
January 19. Thus, only one high tide occurs on January 18, the previous one being 
shortly before midnight on the seventeenth, and the next one occuring early in the 
morning of the nineteenth, as shown. 

1105. Tide predictions for subordinate stations.—The second page of appendix L 
is a page of table 2 of the tide tables. For each subordinate station listed, the following 
information is given: 

Number. The stations are listed in geographical order and given consecutive 
numbers. At the end of each volume an alphabetical listing is given, and for each 
entry the consecutive number is shown, to assist in finding the entry in table 2. 

Place. The list of places includes both subordinate and reference stations, the 
latter being given in bold type. 

Position. The approximate latitude and longitude are given to assist in locating 
the station. The latitude is north or south, and the longitude east or west, depending 
upon the letters (N, S, E, W) next above the entry. These may not be the same as those 
at the top of the column. 

Differences. The differences are to be applied to the predictions for the reference 
station shown in bold capitals next above the entry on the page. Time and height differ- 
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ences are given separately for high and low waters. Where differences are omitted, they 
are either unreliable or unknown. 

The time difference is the number of hours and minutes to be applied to the time 
at the reference station to find the time of the corresponding tide at the subordinate 
station. This interval is added if preceded by a plus sign (+), and subtracted if preceded 
by a minus sign (—). The results obtained by the application of the time differences 
will be in the zone time of the time meridian shown directly above the difference for 
the subordinate station. Special conditions occurring at a few stations are indicated by 
footnotes on the applicable pages. In some instances, the corresponding tide falls on a 
different date at reference and subordinate stations. 

Height differences are shown in a variety of ways. For most entries separate height 
differences in feet are given for high water and low water. These are applied to the 
height given for the reference station. In many cases a ratio is given for either high 
water or low water, or both. The height at the reference station is multiplied by this 
ratio to find the height at the subordinate station. For a few stations, both a ratio and 
difference are given. In this case the height at the reference station is first multiplied 
by the ratio, and the difference is then applied. An example is given in each volume of 
tide tables. Special conditions are indicated in the table or by footnote. Thus, a footnote 
on the second page of appendix L indicates that ‘“‘Values for the Hudson River above 
George Washington Bridge are based upon averages for the six months May to October, 
when the fresh-water discharge is a minimum.” 

Ranges. Various ranges are given, as indicated in the tables. In each case this is 
the difference in height between high water and low water for the tides indicated. 

Example.—List chronologically the times and heights of all tides at Yonkers, 
(No. 1531) on January 2, 1975. 


Solution.— 

Date January 2, 1975 

Subordinate station Yonkers 

Reference station New York 

High water time difference (+) 17097 

Low water time difference (+) 12107 

High water height difference (—) 0.8 ft. 

Low water height difference 0.0 ft. 

New York Yonkers 

HW 2321 (ist) 4.6 ft. 0030 3.8 ft. 
LW 0516 (—) 0.6 ft. 0626 (—) 0.6 ft. 
HW 1138 4.9 ft. 1247 4.1 ft. 
LW 1749 (—) 0.9 ft. 1859 (—) 0.9 ft. 


1106. Finding height of tide at any time.—Table 3 of the tide tables provides means 
for determining the approximate height of tide at any time. It is based upon the 
assumption that a plot of height versus time is a sine curve (art. 140). Instructions 
for use of the table are given in a footnote below the table, which is reproduced in 
appendix L. 

Example 1—Find the height of tide at Yonkers (No. 1531) at 1000 on January 2, 
1975. 

Solution.—The given time is between the low water at 0626 and the high water 
at 1247 (example of art. 1105). Therefore, the tide is rising. The duration of rise is 
1247—0626=6°21™. The range of tide is 4.1—(—0.6)=4.7 feet. The given time is 
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 2247™ before high water, the nearest tide. Enter the upper part of the table with duration 
of rise 6"20™ (the nearest tabulated value to 6521™), and follow the line horizontally to 
- 2°45™ (the nearest tabulated value to 2°47™). Follow this column vertically downward 
to the entry 1.8 feet in the line for a range of tide of 4.5 feet (the nearest tabulated 
value to 4.7 feet). This is the correction to be applied to the nearest tide. Since the 
nearest tide is high water, subtract 1.8 from 4.1 feet. The answer, 2.3 feet, is the height 
of tide at the given time. 

Answer.—Ht. of tide at 1000, 2.3 ft. 

Interpolation in this table is not considered justified. 

It may be desired to know at what time a given depth of water will occur. In this 
case, the problem is solved in reverse. 

Example 2.—The captain of a vessel drawing 22 feet wishes to pass over a tempo- 
rary obstruction near Days Point, Weehawken (No. 1521), having a charted depth of 21 
feet, passage to be made during the morning of January 31, 1975. 

Required.—The earliest time after 0800 that this passage can be made, allowing 
a safety margin of two feet. 

Solution.—The least acceptable depth of water is 24 feet, which is three feet more 
than the charted depth. Therefore, the height of tide must be three feet or more. At 
the New York reference station a low tide of (—)0.9 foot occurs at 0459, followed 
by a high tide of 4.9 feet at 1120. At Days Point the corresponding low tide is (—)0.9 
foot at 0522, and the high tide is 4.6 feet at 1144. The duration of rise is 6"22™, and 
the range of tide is 5.5 feet. The least acceptable tide is 3.0 feet, or 1.6 feet less than 
high tide. Enter the lower part of table 3 with range 5.5 feet and follow the horizontal 
line until 1.6 feet is reached. Follow this column vertically upward until the value of 
2"19™ is reached on the line for a duration of 6°20™ (the nearest tabulated value to 
6°22™). The minimum depth will occur about 2°19" before high water or at about 0925. 

Answer.—A depth of 24 feet occurs at 0925. 

If the range of tide is more than 20 feet, half the range (one third if the range is 
greater than 40 feet) is used to enter table 3, and the correction to height is doubled 
(trebled if one third is used). 

A diagram for a graphical solution is given in figure 1106. Eye interpolation can 
be used if desired. The steps in this solution are as follows: 

1. Enter the upper graph with the duration of rise or fall. This is represented by 
a horizontal line. 

2. Find the intersection of this line and the curve representing the interval from 
the nearest low water (point A). 

3. From A, follow a vertical line to the sine curve of the lower diagram (point B). 

4. From B, follow horizontally to the vertical line representing the range of tide 
(point C). 

5. Using C, read the correction from the series of curves. 

6. Add (algebraically) the correction of step 5 to the low water height, to find the 
height at the given time. 

The problem illustrated in figure 1106 is similar to that of example 1 given above. 
The duration of rise is 6°25", and the interval from low water is 5°23". The range of 
tide is 6.1 feet. The correction (by interpolation) is 5.7 feet. If the height of the pre- 
ceding low tide is (—)0.2 foot, the height of tide at the given time is (—)0.2+5.7=5.5 
feet. To solve example 2 by the graph, enter the lower graph and find the intersection 
of the vertical line representing 5.5 feet and the curve representing 3.9 feet (the mini- 
mum acceptable height above low water). From this point follow horizontally to the 
sine curve, and then vertically to the horizontal line in the upper figure representing the 
duration of rise of 6522". From the curve, determine the interval 4°00". The earliest 
time is about 4°00" after low water, or at about 0922. 
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Fiaure 1106.—Graphical solution for height of tide at any time. 
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1107. Tidal current tables are somewhat similar to tide tables, but the coverage is 
less extensive, being given in two volumes. Each volume is arranged as follows: 

Table 1 contains a complete list of predicted times of maximum currents and slack, 
with the velocity (speed) of the maximum currents, for a number of reference stations. 

Table 2 gives differences, ratios, and other information related to a relatively large 
number of subordinate stations. 

Table 3 provides information for use in finding the speed of the current at any time 
between tabulated entries in tables 1 and 2. 

Table 4 gives the number of minutes the current does not exceed stated amounts, 
for various maximum speeds. 

Table 5 (Atlantic Coast of North America only) gives information on rotary tidal 
currents. 

Each volume contains additional useful information related to currents. Extracts 
from the tables for the Atlantic Coast of North America are given in appendix M. 

1108. Tidal current predictions for reference stations.—The extracts of appendix 
M are for The Narrows, New York Harbor. Times are given on the 24-hour basis, for 
meridian 75° W. Daylight saving time is not used. 

For each day, the date and day of week are given, with complete current infor- 
mation. Since the cycle is repeated twice each tidal day, currents at this place are semi- 
diurnal. On most days there are four slack waters and four maximum currents, two of 
them floods (F) and two of them ebbs (E). However, since the tidal day is longer than the 
civil day, the corresponding condition occurs later from day to day, and on certain days 
there are only three slack waters or three maximum currents. At some places, the 
current on some days runs maximum flood twice, but ebb only once, a minimum flood 
occurring in place of the second ebb. The tables show this information. 

As indicated by appendix M, the sequence of currents at The Narrows on Monday 
February 3, 1975, is as follows: 

0000 Flood current, 5" after maximum velocity (speed). 

0305 Slack, ebb begins. 

0621 Maximum ebb of 2.0 knots, setting 160°. 

1005 Slack, flood begins. 

1222 Maximum flood of 1.5 knots, setting 340°. 

1516 Slack, ebb begins. 

1839 Maximum ebb of 1.9 knots, setting 160°. 

2216 Slack, flood begins. 

2400 Flood current, 56" before maximum velocity (speed). 

Only one maximum flood occurs on this day, the previous one having occurred 5 
minutes before the day began, and the following one predicted for 56 minutes after the 
day ends. 

1109. Tidal current predictions for subordinate stations.—For each subordinate 
station listed in table 2 of the tidal current tables, the following information is given: 

Number. The stations are listed in geographical order and given consecutive num- 
bers, as in the tide tables (art. 1105). At the end of each volume an alphabetical listing 
is given, and for each entry the consecutive number is shown, to assist in finding the 
entry in table 2. 

Place. The list of places includes both subordinate and reference stations, the 
latter being given in bold type. 

Position. The approximate latitude and longitude are given to assist in locating 
the station. ': ne latitude is north or south and the lou,itude east or west as indicated 
by the letters (N, S, E, W) next above the entry. The current given is for the center of 
the channel unless another location is indicated by the station name. 
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Time difference. Two time differences are tabulated. One is the number of hours 
and minutes to be-applied to the tabulated times of slack water at the reference station 
to find the times of slack waters at the subordinate station. The other time difference 
is applied to the times of maximum current at the reference station to find the times of 
the corresponding maximum current at the subordinate station. The intervals, which 
are added or subtracted in accordance with their signs, include any difference in time 
between the two stations, so that the answer is correct for the standard time of the subor- 
dinate station. Limited application and special conditions are indicated by footnotes. 

Velocity (speed) ratios. Speed of the current at the subordinate station is found 
by multiplying the speed at the reference station by the tabulated ratio. Separate 
ratios may be given for flood and ebb currents. Special conditions are indicated by 
footnotes. 

As indicated in appendix M, the currents at The Battery (No. 2375) can be found 
by adding 1°30™ for slack water and 1°35" for maximum current to the times for The 
Narrows, and multiplying flood currents by 0.9 and ebb currents by 1.2. Applying 
these to the values for Monday, February 3, 1975, the sequence is as follows: 

0000 Flood current, 1230™ before maximum velocity (speed). 

0130 Maximum flood of 1.8 knots, setting 015°. 

0435 Slack, ebb begins. 

0756 Maximum ebb of 2.4 knots, setting 195°. 

1135 Slack, flood begins. 

1357 Maximum flood of 1.4 knots, setting 015°. 

1646 Slack, ebb begins. 

2014 Maximum ebb of 2.3 knots, setting 195°. 

2346 Slack, flood begins. 

2400 Flood current, 14™ after slack. 

1110. Finding speed of tidal current at any time.—Tapble 3 of the tidal current 
tables provides means for determining the approximate velocity (speed) at any time. 
Instructions for its use are given below the table, which is reproduced in appendix M. 

Example 1.—Find the speed of the current at The Battery at 1500 on February 3, 
1975. 

Solution.—The given time is between the maximum flood of 1.4 knots at 1357 and 
the slack at 1646 (art. 1109). The interval between slack and maximum current (1646 
— 1357) is 249™. The interval between slack and the desired time (1646— 1500) is 1°46™. 
Enter the table (A) with 2°40™ at the top, and 1°40” at the left side (the nearest tabulated 
values to 2°49™ and 1°46", respectively), and find the factor 0.8 in the body of the 
table. The approximate speed at 1500 is 0.8X1.4=1.1 knots, and it is flooding. 

Answer.—Speed 1.1 kn. 

It may be desired to determine the period during which the current is less (or 
greater) than a given amount. Table 4 of the tidal current tables can be used to de- 
termine the period during which the speed does not exceed 0.5 knot. For greater 
speeds, and for more accurate results under some conditions, table 3 of the tidal current 
tables can be used, solving by reversing the process used in example 1. 

Example 2.—During what period on the evening of February 3, 1975, does the 
ebb current equal or exceed 1.0 knot at The Battery? 

Solution —The maximum ebb of 2.3 knots occurs at 2014. This is preceded by a 
slack at 1646, and followed by the next slack at 2346. The interval between the earlier 
slack and the maximum ebb is 3528", and the interval between the ebb and following 
slack is 3532™. The desired factor is aa. Enter table A with 3520™ (the nearest 
tabulated value to 3°28") at the top, and follow down the column to 0.4 (midway 
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between 0.3 and 0.5). At the left margin the interval between slack and the desired 
time is found to be 0°50™ (midway between 0°40™ and 1"00™). Therefore, the current 
becomes 1.0 knot at 1646+0"50"=1736. Next, enter table A with 3"40™ (the nearest 
tabulated value to 3°32™) at the top, and follow down the column to 0.4. Follow this 
line to the left margin, where the interval between slack and desired time is found to 
be 1°00™. Therefore, the current is 1.0 knot or greater until 2346—1°00"=2246. If 
the two intervals between maximum current and slack were nearest the same 207 
interval, table A would have to be entered only once. 
Answer.—The speed equals or exceeds 1.0 knot between 1736 and 2246. 


1111. Current diagrams.—A current diagram is a graph showing the speed of the 
current along a channel at different stages of the tidal current cycle. The current tables 
include such diagrams for Boston Harbor; Vineyard and Nantucket Sounds (one 
diagram); East River, New York; New York Harbor; Delaware Bay and River (one 
diagram); Chesapeake Bay; South San Francisco Bay; and North San Francisco Bay. 
The diagram for New York Harbor is reproduced in appendix M. 

On this diagram each vertical line represents a given instant identified in terms 
of the number of hours before or after slack at The Narrows. Each horizontal line 
represents a distance from Ambrose Channel Entrance, measured along the usually- 
traveled route. The names along the left margin are placed at the correct distances 
from Ambrose Channel Entrance. The current is for the center of the channel opposite 
these points. The intersection of any vertical line with any horizontal line represents 
a given moment in the current cycle at a given place in the channel. If this intersection 
is in a shaded area, the current is flooding; if in an unshaded area, it is ebbing. The 
speed in knots can be found by interpolation (if necessary) between the numbers given 
in the body of the diagram. The given values are averages. To find the value at any 
given time, multiply the speed found from the diagram by the ratio of maximum speed 
of the current involved to the marimum shown on the diagram, both values being taken 
for The Narrows. If the diurnal inequality is large, the accuracy can be improved by 
altering the width of the shaded area to fit conditions. The diagram covers 1% current 
cycles, so that the right-hand third is a duplication of the left-hand third. 

If the current for a single station is desired, table 1 or 2 should be used. The current 
diagrams are intended for use in either of two ways: First, to determine a favorable 
time for passage through the channel. Second, to find the average current to be expected 
during any passage through the channel. For both of these uses a number of ‘‘speed lines’”’ 
are provided. When the appropriate line is transferred to the correct part of the diagram, 
the current to be encountered during passage is indicated along the line. 

Example —During the morning of January 3, 1975, a ship is to leave Pier 83 at 
W. 42nd St., and proceed down the bay at ten knots. 

Required.—(1) Time to get underway to take maximum advantage of a favorable 
current, allowing 15 minutes to reach mid channel. 

(2) Average speed over the bottom during passage down the bay. 

Solution.—(1) Transfer the line (slope) for ten knots southbound to the diagram, 
locating it so that it is centered on the unshaded ebb current section between W. 42nd 
St. and Ambrose Channel Entrance. This line crosses a horizontal line through W. 42nd 
St. about one-half of the distance between the vertical lines representing three and 
two hours, respectively, after ebb begins at The Narrows. The setting is not critical. 
Any time within about half an hour of the correct time will result in about the same 
current. Between the points involved, the entire speed line is in the ebb current area. 

(2) Table 1 indicates that on the morning of January 3 ebb begins at The Narrows 
at 0132. Two hours twenty-eight minutes after ebb begins, the time is 0400. Therefore, 
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the ship should reach mid channel at 0400. It should get underway 15 minutes earlier, 
at 0345. . 

(3) To find the average current, determine the current at intervals (as every two 
miles), add, and divide by the number of entries. 


Distance Current . 
18 1.2 
16 1.4 
14 1.9 
12 ih & 
10 2.0 

8 ee!) 
6 ise 
4 1.2 
2 1.4 
0 ie 
sum 15.0 


The sum of 15.0 is for ten entries. The average is therefore 15.0+10=1.5 knots. 

(4) This value of current is correct only if the ebb current is an average one. 
From table 1 the maximum ebb involved is 2.2 knots. From the diagram the maximum 
value at The Narrows is 2.0 knots. Therefore, the average current found in step (3) 
should be increased by the ratio 2.2+2.0=1.1. The average for the run is therefore 
1.5X1.1=1.6 knots. Speed over the bottom is 10+1.6=11.6 knots. 

Answers.—(1) T 0345, (2) S 11.6 kn. 

In the example, an ebb current is carried throughout the run. If the transferred 
speed line had been partly in a flood current area, all ebb currents (those increasing 
the ship’s speed) should be given a positive sign (+), and all flood currents a negative 
sign (—). A separate ratio should be determined for each current (flood or ebb), and 
applied to the entries for that current. In Chesapeake Bay it is not unusual for an 
outbound vessel to encounter three or even four separate currents during passage down 
the bay. Under the latter condition, it is good practice to multiply each current taken 
from the diagram by the ratio for the current involved. 

If the time of starting the passage is fixed, and the current during passage is 
desired, the starting time is identified in terms of the reference tidal cycle. The speed 
line is then drawn through the intersection of this vertical time line and the horizontal 
line through the place. The average current is then determined in the same manner 
as when the speed line is located as described above. 


Problems 


1102. The mean high water lunitidal interval at a certain port is 2"17™. 

Required —The approximate times of each high and low water on a day when 
the moon transits the local meridian at 1146. 

Answers.—HW at 0139 and 1403, LW at 0751 and 2015. 

1104. List chronologically the times and heights of all tides at New York (The 
Battery) on February 11, 1975. 


Answer.— 
Time Tide Height 
0222 LW (—) 0.4 ft. 
0829 HW 4.6 ft. 
1449 LW (—) 0.6 ft. 


2053 HW 4.2 ft. 
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1105. List chronologically the times and heights of all tides at Castle Point, 
Hoboken, N.J. (No. 1519) on March 18, 1975. 


Answer.— 
Time Tide Height 
0533 LW 0.2 Tt. 
1141 HW 3.6 ft. 
1724 LW 0.3 it. 
0003 HW 4.1 ft. 


1106a. Find the height of tide at Union Stock Yards, New York (No. 1523) at 
0600 on February 6, 1975. 
Answer.—Ht. of tide at 0600, 3.8 ft. 
1106b. The captain of a vessel drawing 24 feet wishes to pass over a temporary 
obstruction near Bayonne, N.J. (No. 1505) having a charted depth of 23 feet, passage 
to be made during the afternoon of March 5, 1975. 
Required.—The earliest and latest times that the passage can be made, allowing 
a safety margin of two feet. 
Answers.—EKarliest time 1316, latest time 1531. 
1108. Determine the sequence of currents at The Narrows on January 15, 1975. 
Answer.— 
0000 Ebb current, 42™ after slack. 
0231 Maximum ebb of 1.9 knots. 
0557 Slack, flood begins. 
0822 Maximum flood of 1.7 knots. 
1137 Slack, ebb begins. 
1455 Maximum ebb of 2.1 knots. 
1836 Slack, flood begins. 
2051 Maximum flood of 1.5 knots. 
2400 Flood current, 2™ before slack. 
1109. Determine the sequence of currents at Ambrose Channel Entrance (No. 
2310) on January 12, 1975. 
Answer.— 
0000 Ebb current, 42™ after maximum velocity (speed). 
0241 Slack, flood begins. 
0533 Maximum flood of 2.0 knots, setting 310°. 
0828 Slack, ebb begins. 
1155 Maximum ebb of 2.5 knots. 
1527 Slack, flood begins. 
1801 Maximum flood of 1.5 knots, setting 310°. 
2040 Slack, ebb begins. 
2400 Ebb current, 3™ before maximum velocity (speed). 
1110a. Find the speed of the current at Bear Mountain Bridge (No. 2445) at 0900 
on February 19, 1975. : 
Answer.—Speed 0.8 kn. 


1110b. At about what time during the afternoon of February 3, 1975, does the 
flood current northwest of The Battery (No. 2375) reach a speed of 1.0 knot? 

Answer.—T 1245. 

1111. A vessel arrives at Ambrose Channel Entrance two hours after flood begins 
at The Narrows on the morning of February 16, 1975. 

Required.—(1) The speed through the water required to take fullest advantage of 
the flood tide in steaming to Chelsea Docks. 
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(2) The average current to be expected. 
(3) Estimated time of arrival off Chelsea Docks. 
Answers.—(1) S 9 kn., (2) S 1.4 kn., (8) ETA 1085. 


CHAPTER XII 
DISTANCE CALCULATIONS 


1201. Introduction.—If a vessel is known to be a certain distance from an identified 
point on the chart, it must be somewhere on a circle with that point as the center and 
the distance as radius. 


Distances are obtained by radar, range finder, stadimeter, vertical sextant angles 
(table 9), etc. 


1202. Distance, speed, and time are related by the formula 
distance=speed X time. 


Therefore, if any two of the three quantities are known, the third can be found. The 
units, of course, must be consistent. Thus, if speed is measured in knots, and time 
in hours, the answer is in nautical miles. Similarly, if distance is measured in yards, 
and time in minutes, the answer is in yards per minute. 

Table 19 is a speed, time, and distance table which supplies one of the three values 
if the other two are known. It is intended primarily for use in finding the distance 
steamed in a given time at a known speed. Table 18 is for use in determining speed 
by measuring the time needed to steam exactly one mile. 

Speed is customarily expressed in knots (art. 405), or for some purposes, in kilo- 
meters per hour, or yards or feet per minute. For short distances, a nautical mile can be 
considered equal to 2,000 yards or 6,000 feet. This is a useful relationship because 

6,000 feet 
60 minutes 
hundreds of feet per minute or, hundreds of yards per 3-minute interval. 

The Logarithmic Time-Speed-Distance Nomogram is frequently used for the solu- 
tion of the formula distance=speed x time. The upper scale is graduated logarithmically 
in minutes of time; the middle scale is graduated logarithmically in miles (sometimes 
both miles and yards); and the lower scale is graduated logarithmically in knots. By 
marking the values of two known terms on their respective scales and connecting such 
marks by a straight line, the value of the third term is found at the intersection of this 
line with the remaining scale. Figure 1202a illustrates a solution for speed when a dis- 
tance of 4 miles is traveled in 11 minutes. 


=100 feet per minute. Thus, speed in knots is equal approximately to 


Only one of the three scales is required to solve for time, speed, or distance if any 
two of the three values are known. Either of the three logarithmic scales may be used 
in the same manner as aslide rule (art. 115) for the addition or subtraction of logarithms 
of numbers. Because the upper scale is larger, its use for this purpose is preferred. 


When using a single logarithmic scale for the solution of the basic formula with 
speed units in knots and distance units in miles or thousands of yards, either 60 or 30 
has to be incorporated in the basic equation for proper cancellation of units. 

Figure 1202a illustrates the use of the upper scale for finding the speed in knots 
when the time in minutes and the distance in miles are known. In this problem the 
time is 11 minutes and the distance is 4 miles. One point of a pair of dividers is set at 
the time in minutes, 11, and the second point at the distance in miles, 4. Without 
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changing the spread of the dividers 
or the right-left relationship, set the 
first point at 60. The second point 
will then indicate the speed in knots, 
21.8. If the speed and time are 
known, place one point at 60 and the 
second point at the speed in knots, 
21.8. Without changing the spread of 
the dividers or the right-left relation- 
ship, place the first point at the time 
in minutes, 11. The second point then 
will indicate the distance in miles, 4. 
In the method described, there 
was no real requirement to maintain 
the right-left relationship of the 
points of the pair of dividers except 
to insure that for speeds of less than 
60 knots the distance in miles is less 
than the time in minutes. If the speed 
is in excess of 60 knots, the distance 
in miles will always be numerically 
greater than the time in minutes. 


If the distance is known in 
thousands of yards or if the distance 
is to be found in such units, a divider 
point is set at 30 rather than the 60 
used with miles. If the speed is less 
than 30 knots in this application, the 
distance in thousands of yards will 
always be numerically less than the 
time in minutes. If the speed is in 
excess of 30 knots, the distance in 
thousands of yards will always be 
numerically greater than the time in 
minutes. 


For speeds of less than 60 knots 
and when using a logarithmic scale 
which increases from left to right, 
the distance graduation always lies 
to the left of the time in minutes 
graduation; the speed in knots gradu- 
ation always lies to the left of the 60 
graduation. 


The use of the single logarithmic 
scale is based upon the fundamental 
property of logarithmic scales that 
equal lengths along the scale repre- 
sent equal values of ratios. For 
example if one has the ratio % and 
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FigurRE 1202a.—Logarithmic time-speed-distance 
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with the dividers measures the length between 1 and 2, he finds the same length be- 
tween 2 and 4, 5.5 and 11.0, or any other two values one of which is half the other. In 
using the single logarithmic scale for the solution of a specific problem in which a ship 
travels 10 nautical miles in 20 minutes, the basic formula is rearranged as follows: 


Distance 
(nautical miles) 60 min. 


Spero rr (minutes) “* 1 hr. 


On substituting known numerical values and canceling units, the formula is re- 
arranged further as: 


Speed (knots) 10 


60 20 
The ratio 10/20 has the same numerical value as the ratio Speed (knots)/60. Since 
each ratio has the same numerical value, the length as measured on the logarithmic 
scale between the distance in nautical miles (10) and the time in minutes (20) will be 
the same as the length between 60 and the speed in knots. Thus, on measuring the 
length between 10 and 20 and measuring the same length from 60 the speed is found to 
be 30 knots. 

The solution of problems involving distance, speed, and time can easily be accom- 
plished by means of a slide rule (art. 115). If the index of scale C is set opposite speed 
in knots on scale D, the distance in nautical miles appears on scale D opposite time in 
hours on scale C. If 60 of scale C is set opposite speed in knots on scale D, the distance 
covered in any number of minutes is shown on scale D opposite the minutes on scale C. 
Several circular slide rules particularly adapted for solution of distance, speed, and 


time problems have been devised. One of these, called the ‘‘Nautical Slide Rule” is 
shown in figure 1202b. 
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Figure 1202b.—The nautical slide rule. 
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1203. Distance by vertical angle.—If vertical sextant angles are used, measurement 
should be made from the top of the object to the visible sea horizon, if it is available, 
as shown in figure 1203a. If measurement is made to a water line not vertically below 
the top of the object, as shown in figure 1203b, a problem may be encountered because 
distance from table 9 is to the point vertically below the top of the object, while the 
distance used for entering table 22 to determine dip short of the horizon is to the water 
line. Generally, any differences in these two distances can be determined from the chart. 
This problem may, in some cases, be avoided by decreasing the height of eye sufficiently 
to bring the horizon between the observer and the object. 

Example 1.—Using a sextant with an index error of (+)1/0, the navigator measures 
the vertical angle between the visible horizon and the peak of a 520-foot hill beyond 
from a height of eye of 20 feet; the sextant altitude is 0°16/3. 

Required.—The distance to the point below the peak as indicated in figure 1203a. 

Solution.—(1) Refer to the explanation of table 9 preceding the tables. Correct 
the sextant altitude for index error and dip only. 

(2) Enter table 9 with the corrected vertical angle (0°11/0) and the difference in 
feet between the height of the object and the height of eye of the observer (500 feet) as 
arguments and extract the distance to the hill (16.0 nautical miles). 


PEAK 


Figure 1203a.—Vertical angle above the visible horizon. 


Example 2.—Using a sextant having an index error of (—)1‘0 the navigator meas- 
ures the vertical angle between the top of a lighthouse 100 feet above sea level and the 
waterline below from a height of eye of 40 feet; the sextant altitude is 0°13/3. 

Required.—The distance to the lighthouse. 

Solution.—(1) Refer to the explanations of tables 9 and 22 preceding the tables. 
Correct the sextant altitude for index error and dip of the sea short of the horizon only. 
The ‘‘dip short” correction is found by entering table 22 with the estimated distance 
(4.0 nautical miles) to the waterline below the lighthouse and the observer’s height of 
eye (40 feet). 

(2) Combine this correction (—7/3) with the index correction (+1/0) to find the 
corrected altitude (0°07/0). 


Figure 1203b.—Vertical angle between top of object and waterline at object. 


DISTANCE CALCULATIONS 615 


(3) Enter table 9 with the corrected angle (0°07/0) and the difference in feet 
between the elevation of the top of the lighthouse above sea level and the observer’s 
height of eye (60 feet). The distance to the lighthouse is found as 3.9 nautical miles. 

This procedure may require several approximations of distance by alternate entries 
of tables 9 and 22 until the same value is found twice. 

1204. Distance of an object by two bearings.—A running fix can be obtained by 
utilizing the mathematical relationships involved. A ship steams past landmark D 
(fig. 1204). At any point A a bearing of D is observed and expressed as degrees right or 
left of the course (a relative bearing if the ship is on course). At some later time, at B, 
a second bearing of D is observed and expressed as before. At C the landmark is broad 
on the beam. The angles at A, B, and C are known, and also the distance run between 
points. The various triangles could be solved by trigonometry to find the distance from 
D at any bearing. Distance and bearing provide a fix. 

Table 7 provides a quick and easy solution. The table is entered with the difference 
between the course and first bearing (angle BAD in fig. 1204) along the top of the table, 
and the difference between the 
course and _ second bearing 
(angle CBD) at the left of the 
table. For each pair of angles 
listed, two numbers are g ven. 
To find the distance from the 
landmark at the time of the 
second bearing (BD), multiply 
the distance run between bear- 
ings by the first number from 
table 7. To find the distance 
when the object is abeam (CD), 
multiply the distance run be- 
tween A and B by the second 
number from the table. If the 
run between bearings is exactly 
one mile, the tabulated values 
are the distances sought. 

Example.—A ship is steam- 
ing on course 050°, speed 15 
knots. At 1130 a lighthouse bears 
024°, and at 1140 it bears 359° Figure 1204.—Triangles involved in a running fix. 


Required.—(1) Distance from the light at 1140. 

(2) Distance from the light when it is broad on the port beam. 

Solution (fig. 1204).—(1) The difference between the course and the first bearing 
(050°—024°) is 26°, and the difference between the course and the second bearing 
(050°-+360°—359°) is 51°. 

(2) From table 7 the two numbers (factors) are 1.04 and 0.81, found by inter- 
polation. 

(3) The distance run between bearings is 2.5 miles (10 minutes at 15 knots). 

(4) The distance from the lighthouse at the time of the second bearing is 2.5X 
1.04=2.6 miles. 

(5) The distance from the lighthouse when it is broad on the beam is 2.5 X0.81= 
2.0 miles. 

Answers.—(1) D 2.6 mi., (2) D 2.0 mi. 
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1205. Special cases.—There are certain special cases arising under the method of 
obtaining a running fix from two bearings and the intervening run which do not require 
the use of tables. Two of these cases arise when the multiplier is equal to unity, and the 
distance run is therefore equal to the distance from the object. 

If the second difference (angle CBD of figure 1204) is double the first difference 
(angle BAD), triangle BAD is isosceles (art. 128) with equal angles at A and D. There- 
fore, side AB (the run) is equal to side BD (the distance off at the time of the second 
bearing). This is called doubling the angle on the bow. If the first angle is 45° and the 
second 90°, the distance run equals the distance when broad on the beam. These are 
called bow and beam bearings. 

When the first bearing is 26%° from ahead, and the second 45°, the distance at 
which the object will be passed abeam will equal the run between bearings. This is 
true of any two such bearings whose natural cotangents differ by unity, and the follow- 
ing table is a collection of solutions of this relation in which the pairs of bearings are 
such that, when observed in succession from ahead upon the same fixed object, the 
distance run between the bearings will be equal to the distance of the fixed object when 
it bears abeam, provided that a steady course has been steered, unaffected by current. 
See figure 1205. 

The marked pairs will probably be found the most convenient ones to use, as they 
involve whole degrees only. The use of the table may be found to be more convenient 
than the use of table 7, which covers all combinations of bearings in which the first 
bearing is taken when the object is 20° or more on the bow. 


Second 


TABLE 1205.—Pairs of bearings whose natural cotangents differ by unity. 


If bearings of the fixed object be taken at two (2) and four (4) points on the bow 
(224° and 45°), seven-tenths (0.7) of the run between bearings will be the distance at 
which the point will be passed abeam. This is known as the seven-tenths rule. 

From the combination of the seven-tenths rule and the 26%°-45° rule, there 
follows an interesting corollary, i.e., if bearings of an object at 22%° and 26%° on the 
bow be taken, then seven-thirds (%) of the distance run in the interval will be the dis- 
tance when abeam. 

If a bearing is taken when an object is two (2) points (224°) forward of the beam, 
and the run until it bears abeam is measured, then its distance when abeam is seven- 
thirds (%) of the run. This rule, particularly, is only approximate. 

In case the 45° bearing on the bow is lost, in order to find the distance abeam that 
the object is passed, note the time when the object bears 26%° forward of the beam, 
and again when it has the same bearing abaft the beam; the distance run in this interval 
is the distance of the object when it was abeam. 
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B 


Fieure 1205.—Special case. 


1206. Range of lights.—Usually a navigator wants to know not only the identity 
of a light, but also the area in which he might reasonably expect to observe it. His 
track is planned to take him within range of lights which can prove useful during 
periods of darkness. If lights are not sighted within a reasonable time after prediction, 
a dangerous situation may exist, requiring resolution or action to insure safety of the 
vessel. 

The area in which a light can be observed is normally a circle with the light as 
the center, and the visible range as the radius. However, on some bearings the range 
may be reduced by obstructions. In this case the obstructed arc might differ with 
height of eye and distance. Also, lights of different colors may be seen at different 
distances. This fact should be considered not only in predicting the distance at which 
a light can be seen, but also in identifying it. The condition of the atmosphere has 
a considerable effect upon the distance at which lights can be seen. Sometimes lights 
are obscured by fog, haze, dust, smoke, or precipitation which may be present at the 
light, or between it and the observer, but not at the observer, and possibly unknown 
to him. There is always the possibility of a light being extinguished. In the case of 
unwatched lights, this condition might not be detected and corrected at once. During 
periods of armed conflict, certain lights might be deliberately extinguished if they are 
considered of greater value to the enemy than to one’s own vessels. 

On a dark, clear night the visible range is limited primarily in two ways: (1) lumi- 
nous intensity and (2) curvature of the earth. A weak light cannot normally be expected 
to be seen beyond a certain range, regardless of the height of eye. This distance is called 
luminous range. Light travels in almost straight lines, so that an observer below the 
visible horizon of the light should not expect to see the light, although the loom extend- 
ing upward from the light can sometimes be seen at greater distances. Table 8 gives 
the distance to the horizon at various heights. The tabulated distances assume normal 
refraction. Abnormal conditions might extend this range somewhat (or in some cases 
reduce it). Hence, the geographic range, as the luminous range, is not subject to exact 
prediction at any given time. 

The luminous range is the maximum distance at which a light can be seen under 
existing visibility conditions. This luminous range takes no account of the elevation of 
the light, the observer’s height of eye, or the curvature of the earth. The luminous range 
is determined from the known nominal luminous range, called the nominal range, and 
the existing visibility conditions. The nominal range is the maximum distance at which 
a light can be seen in clear weather as defined by the International Visibility Code 
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(meteorological visibility of 10 nautical miles). The geographic range is the maximum 
distance at which the curvature of the earth permits a light to be seen from a particular 
height of eye without regard to the luminous intensity of the light. The geographic range 
sometimes printed on charts or tabulated in light lists is the maximum distance at which 
the curvature of the earth permits a light to be seen from a height of eye of 15 feet above 
the water when the elevation of the light is taken above the height datum of the largest 
scale chart of the locality. 

The geographic range depends upon the height of both the light and the observer, 
as shown in figure 1206a. In this illustration a light 150 feet above the water is shown. 
At this height, the distance to the horizon, by table 8, is 14.0 miles. Within this range the 
light, if powerful enough and atmospheric conditions permit, is visible regardless of the 
height of eye of the observer (if there is no obstruction). Beyond this range, the visible 
range depends upon the height of eye. Thus, by table 8 an observer with height of eye of 
five feet can see the light on his horizon if he is 2.6 miles beyond the horizon of the light, 
or a total of 16.6 miles. For a height of 30 feet the distance is 14.0+6.3=20.3 miles. If 
the height of eye is 70 feet, the geographic range is 14.0+9.6=23.6 miles. 
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Figure 1206a.— Geographic range of visibility of a light. 


Except for range and some directional lights, the nominal range is listed in the U.S. 
Coast Guard Light List. The Luminous Range Diagram shown in figure 1206b is 
used to convert the nominal range to the luminous range. When using this dia- 
gram, it must be remembered that the ranges obtained are approximate, the transmis- 
sivity of the atmosphere may vary between the observer and the light, and glare 
from background lighting will reduce considerably the range at which lights are 
sighted. After estimating the meteorological visibility with the aid of the Meteor- 
ological Optical Range Table shown in table 1206, the Luminous Range Diagram 
is entered with the nominal range on the horizontal nominal range scale; a vertical line 
is followed until it intersects the curve or reaches the region on the diagram represent- 
ing the meteorological visibility; from this point or region a horizontal line is 
followed until it intersects the vertical luminous range scale. 
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age 2 Se 4 SiG. 8 10 15 20 25 30 35 40 


LUMINOUS RANGE - nautical miles 
(This range may be reduced by the glore of other lights) 


I 2 34856 8 10 15 20 25 30 35 40 
NOMINAL RANGE -nautical miles 


FicuRe 1206b.—Luminous Range Diagram. 


Example 1—The nominal range of a light as extracted from the Light List is 15 
nautical miles. 

Required—The luminous range when the meteorological visibility is (1) 11 nauti- 
cal miles and (2) 1 nautical mile. 

Solution.—To find the luminous range when the meteorological visibility is 11 
nautical miles, the Luminous Range Diagram is entered with nominal range 15 nautical 
miles on the horizontal nominal range scale; a vertical line is followed until it intersects 
the curve on the diagram representing a meteorological visibility of 11 nautical miles; 
from this point a horizontal line is followed until it intersects the vertical lumimous 
range scale at 16 nautical miles. A similar procedure is followed to find the luminous 
range when the meteorological visibility is 1 nautical mile. 

Answers.—(1) 16 nautical miles; (2) 3 nautical miles. 
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In predicting the range at which a light can be seen, one should first determine 
the geographic range to compare this range with the luminous range, if known. If the 
geographic range is less than the luminous range, the geographic range must be taken 
as the limiting range. If the luminous range is less than the geographic range, the 
luminous range must be taken as the limiting range. 

These predictions are simple 


when using the U.S. Coast Guard Code Yards 
Tight List because only nominal No. 

ranges are tabulated. Also the Weather 

current practice of the National 

Ocean Survey is to follow the 0 Dense fog .aremacne cannes. io Less than 50 
Light List when printing the 1 Thick fog... Weer... 50-200 
range of a light on a chart. 

Example 2—The nominal 2 Moderateslog/.: Srcmiectesiae -\ 200-500 
range of a navigational light 120 3°! uipal og SSN. See. 500-1000 
feet above the chart datum is 20 
nautical miles. The meteorological Nautical Miles 


visibility is 27 nautical miles. 


4 Tin! £0 git, ial teresa. chaveleetetetarels Y-1 
Required.—The distance at 
which an observer at a height of 5 HAZE) 5.5: sehecoresei's re layar ete ole re eters 1-2 
eye of 60 feet can expect to see spat tere 2-54 
the light. 
Solution.—The maximum range i Cleats iwes th sstewathge cies 3 54-11 
at which the light may be seen is 8 Nesvidlede pvink-o Mag avdvaes 11. 0-27.0 
the lesser of the luminous and 
9 Exceptionally clear.......... Over 27.0 


geographic ranges. 
At 120 feet the distance to 
the horizon, by table 8, is 12.5 


From the International Visibility Code. 


miles. Adding 8.9 miles, the TasBLe 1206.—Meteorological Optical Range Table. 
distance to the horizon at a height of eye of 60 feet, the geographic range (12.5 mi. + 
8.9 mi. = 21.4 mi) is found to be less than the luminous range, which is 40 nautical 
miles. 


Answer.—21 nautical miles. Because of various uncertainties, the range is given 
only to the nearest whole mile. 

If the range of a light as printed on a chart, particularly a foreign chart or a repro- 
duction of a foreign chart, or tabulated in a light list other than the U.S. Coast Guard 
Light List, approximates the geographic range for a 15-foot height of eye of the observer, 
one is generally safe in assuming that this range is the geographic range. With lesser 
certainty, one may also assume that the lesser of the geographic and nominal ranges 
is printed on the chart or tabulated in the light list. Using these assumptions, the 
predicted range is then found by adding the distance to the horizon for both the light 
and the observer, or approximately, by the difference between 4.4 miles (the distance 
to the horizon at a height of 15 feet) and the distance for the height of eye of the ob- 
server (a constant for any given height) and adding this value to the tabulated or charted 
geographic range (subtracting if the height of eye is less than 15 feet). In making a 
prediction, one should keep in mind the possibility of the luminous range being between 
the tabulated or charted geographic range and the predicted range. The intensity of 
the light, if known, should be of assistance in identifying this condition. 
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Example 3.—The range of a light as printed on a foreign chart is 17 miles. The 

light is 120 feet above chart datum. The meteorological visibility is 10 nautical miles. 

Required.—The distance at which an observer at a height of eye of 60 feet can 
expect to see the light. 

Solution.—At 120 feet the distance to the horizon, by table 8, is 12.5 miles. Adding 
4.4 miles (the distance to the horizon at a height of 15 feet), the geographic range is 
found to approximate the range printed on the chart. Then assuming that the latter 
range is the geographic range for a 15-foot height of eye of the observer and that the 
nominal range is the greater value, the predicted range is found by adding the distance 
to the horizon for both the light and the observer (predicted range = 12.5 mi. + 8.9 mi. 
= 21.4 mi.). The additional distance, i.e., the distance in excess of the assumed charted 
geographic range, is dependent upon the luminous intensity of the light and the mete- 
orological visibility. 

If one is approaching a light, and wishes to predict the time at which it should be 
sighted, he first predicts the range. It is then good practice to draw a circle indicating 
the visible range. The point at which the course line crosses the circle of visible range 
is the predicted position of the vessel at the time of sighting the light. The predicted 
time of arrival at this point is the predicted time of sighting the light. The direction 
of the light from this point is the predicted bearing at which the light should be sighted. 
Conversion of the true bearing to a relative bearing is usually helpful in sighting the 
light. The accuracy of the predictions depends upon the accuracy of the predicted 
range, and the accuracy of the predicted time and place of crossing the visible range 
circle. If the course line crosses the visible range circle at a small angle, a small lateral 
error in track may result in a large error of prediction, both of bearing and time. This 
is particularly apparent if the vessel is farther from the light than predicted, in which 
case the light might be passed without being sighted. Thus, if a light is not sighted 
at the predicted time, the error may be on the side of safety. However, such an in- 
terpretation should not be given unless confirmed by other information, for there is 
always the possibility of reduced visible range, or of the light being extinguished. 

When a light is first sighted, one might determine whether it is on the horizon by 
immediately reducing the height of eye by several feet, as by squatting or changing 
position to a lower height. If the light disappears, and reappears when the original 
height is resumed, it is on the horizon. This process is called bobbing a light. If a vessel 
has considerable vertical motion due to the condition of the sea, a light sighted on 
the horizon may alternately appear and disappear. This may lead the unwary to 
assign faulty characteristics and hence to err in its identification. The true character- 
istics should be observed after the distance has decreased, or by increasing the height 
of eye of the observer. 

1207. Radar horizon.—The distance to the radar horizon is the distance between 
the transmitter and the point at which the radar rays graze the surface of the earth. 
In the standard atmosphere, radar rays, like light rays, are bent or refracted slightly 
downwards, approximating the curvature of the earth. The distance to the radar 
horizon exceeds the distance to the geometrical horizon (art. 723) by about 15 percent 
and the distance to the visible horizon (art. 724) by about 6 percent. Where hi is the 
height of the radar antenna in feet, the distance, D, to the radar horizon in nautical 
miles, assuming standard atmospheric conditions, may be found from the formula 


D=1.22 yh. (40) 
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Although this formula is based upon a wavelength of 3 centimeters, it may be used in 
the computation of the distance to the radar horizon for other wavelengths normally 
used with navigational or surface search radar. 
Ezample.—The height of the antenna of the surface search radar above the water 
is 81 feet. 
Required.—Distance to the radar horizon. 
Solution.— D=1.22Vh 
=1.22/81 
D=11.0 nautical miles. 


(40) 


Problems 


1204. The navigator of a vessel steaming on a steady course at 17 knots observes 
the following bearings from ahead as indicated: 


Bearing from Bearing from 
Time Object ahead Time Object ahead 
(1)! “1287 A 42° (3) 13825 C 25° 
1258 A 68° 1350 C Sy 
(2) 1806 B 40° (4) 1401 D 79° 
1321 B 59° 1452 D 103° 


Required.—In each case, the distance off at the time of the second bearing, and the 
distance when abeam, using table 7. 


Answers .— 
Object Dist. at 2nd bearing Dist. abeam 
(1) A 9.2 8.5 
(2) B 8.3 ree 
(3) C Dia 4.8 
Cae) 34. 8 34. 0 


1205. A vessel is steaming on course 193° at 20 knots. The following true bearings 
are observed on the objects indicated: 


True True 

Time Object Bearing Time Object Bearing 

(1) 0800 A. 229° (4) 0912 D 215°5 
0836 A 265° 0927 D 2235 
(2) 0840 B 238° (5) 0929 E 203 
0855 B 283° 0954 E 253. 
(8) 0855 C 256°5 (6) 0959 F Oat 
0906 C 283° 1031 F DM he 


Required —Without plotting, and without the use of table 7, determine the dis- 
tances off A, B, D, and E at the time of the second bearing, and the distances off B, C, 
D, E, and F when abeam. 


Answers.— 
Object Dist. at 2nd bearing Dist. abeam 

(1) A 12.0 = 

(2) B 5. 0 5.0 
(3) C — 7.3 
(4) D 5.0 325 
(5) E 8.3 Vere) 
(6) F —_ 10.7 


CHAPTER XII 


COMPASS CONVERSIONS 


1301. Magnetic compass error.—Directions relative to the northerly direction 
along a geographic meridian are true. In this case, true north is the reference direction. 
If a compass card is horizontal and oriented so that a straight line from its center to 
000° points to true north, any direction measured by the card is a true direction and 
has no error (assuming there is no calibration or observational error). If the card remains 
horizontal but is rotated so that it points in any other direction, the amount of the 
rotation is the compass error. Stated differently, compass error is the angular difference 
between true north and compass north (the direction north as indicated by a magnetic 
compass). It is named east or west to indicate the side of true north on which compass 
north lies. 


If a magnetic compass is influenced by no other magnetic field than that of the 
earth, and there is no instrumental error, its magnets are aligned with the magnetic 
meridian at the compass, and 000° of the compass card coincides with magnetic north. 
All directions indicated by the card are magnetic. As stated in volume I, the angle 
between geographic and magnetic meridians is called variation (V or Var.). Therefore, 
if a compass is aligned with the magnetic meridian, compass error and variation are the 
same. 


When a compass is mounted in a vessel, it is generally subjected to various mag- 
netic influences other than that of the earth. These arise largely from induced mag- 
netism in metal decks, bulkheads, masts, stacks, boat davits, guns, etc., and from 
electromagnetic fields associated with direct current in electrical circuits. Some metal 
in the vicinity of the compass may have acquired permanent magnetism. The actual 
magnetic field at the compass is the vector sum, or resultant (art. 117), of all individual 
fields at that point. Since the direction of this resultant field is generally not the same 
as that of the earth’s field alone, the compass magnets do not lie in the magnetic merid- 
ian, but in a direction that makes an angle with it. This angle is called deviation (D or 
Dey.). Thus, deviation is the angular difference between magnetic north and compass 
north. It is expressed in angular units and named east or west to indicate the side of 
magnetic north on which compass north lies. Thus, deviation is the error of the compass 
in pointing to magnetic north, and all directions measured with compass north as the 
reference direction are compass directions. Since variation and deviation may each be 
either east or west, the effect of deviation may be to either increase or decrease the error 
due to variation alone. The algebraic sum (art. 106) of variation and deviation is the 
total compass error. 


For computational purposes, deviation and compass error, like variation, may be 
designated positive (+) if east and negative (—) if west. 


Variation changes with location. Deviation depends upon the magnetic latitude and 
also upon the individual vessel, its trim and loading, whether it is pitching or rolling, 
the heading (orientation of the vessel with respect to the earth’s magnetic field), and 
the location of the compass within the vessel. Therefore, deviation is not published 
on charts. 
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1302. Deviation table.—In practice aboard ship, the deviation is reduced to a 
minimum through adjustment of the compass. The remaining value, called residual 
deviation, is determined on various headings 
MAVENIPS slate (nev. 6¢n IPR mavsnirs ert 3530-2 1 and recorded in some form of deviation 


ben fant Nah: (REV. 667) (FRONT) (Formerly NAVSHIPS 1104) 
le. Figure 1302 shows the form used by 
us.s. Truckee AO" 147 table. 3g 5 
<n ig 1 a Pe Cy the United States Navy. This table is en- 
STATION Ls c ° . 
heading, and the 
wre icin tered with the magnetic ead g, ; 
ave: eine i592 deviation on that heading is determined 
COMP ASS MAKE SERIAL NO . 2 
from the tabulation, separate columns being 


TYPE CC COILS Wy vate 30 October 1970 , i : 
given for degaussing (DG) equipment off 


READ INSTRUCTIONS ON BACK BEFORE STARTING ADJUSTMENT 


SHIPS SHIPS DEVIATIONS and on. If the deviation is not more than 
MAGNETIC MAGNETIC _| about 2° on any heading, satisfactory re- 
sults may be obtained by entering the 
values at intervals of 45° only. 

If the deviation is small, no appreciable 
error is introduced by entering the table 
with either magnetic or compass heading. If 
the deviation on some headings is large, 
the desirable action is to reduce it, but if this 
is not practicable, a separate deviation 
table for compass heading entry may be 
useful. This may be made by applying the 
tabulated deviation to each entry value of 
magnetic heading, to find the correspond- 


peels o's cv [_] swore seanincs ing compass heading, and then interpolating 
5 f devia- 
: eet fio between these to find the value of d 
arr SaEELES IT tion at each 15° compass heading. 
ls ire cee Ome ee 1303. Applying variation and devia- 
& sts CARD e ° e . . . 
: tion.—As indicated in article 1301, a single 
NET CF seneres 12 BSP ___ OF crocawise 0 0 : 
ens ESS chee Ft ete feletto st direction may have any of several numerical 
Clue 1" FROM FLinoers OB ore 1, values depending upon the reference direc- 
JEG SINE —10_ compass BAR =14eres : : : 
macneT: — B BLUE uF CARO O arr tion used. One should keep clearly in mind 
a UT 36°10" N ime 95 20 Wy the relationship between the various ex- 
—————— ——— pressions of a direction. Thus, true and 
T. PARRISH R. MOSS magnetic directions differ by the variation, 


magnetic and compass directions differ by 
the deviation, and true and compass direc- 
tions differ by the compass error. 

If variation or deviation is easterly, the compass card is rotated in a clockwise 
direction. This brings smaller numbers opposite the lubber’s line. Conversely, if 
either error is westerly, the rotation is counterclockwise and larger numbers are brought 
opposite the lubber’s line. Thus, if the heading is 090° true (fig. 1303, A) and variation 
is 6°H, the magnetic heading is 090°—6°=084° (fig. 1303, B). If the deviation on this 
heading is 2°W, the compass heading is 084°+2°=086° (fig. 1303, C). Also, compass 
error is 6°E—2°W=4°E, and compass heading is 090°—4°=086°. If compass error is 
easterly, the compass reads too low (in comparison with true directions), and if it is 
westerly, the reading is too high. Many rules-of-thumb have been devised as an aid 
to the memory, and any which assist in applying compass errors in the right direction 
are of value. However, one may forget the rule or its method of application, or may 
wish to have an independent check. If he understands the explanation given above, 


Ficure 1302.—Deviation table. 
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he can determine the correct sign without further information. The same rules apply 
to the use of gyro error. Since variation and deviation are compass errors, the process 
of removing either from an indication of a direction (converting compass to magnetic 
or magnetic to true) is often called correcting. Conversion in the opposite direction 
(inserting errors) is then called uncorrecting. 


90 90 a 
fo) @ So ® [o} ® 
OZ 022 OLZ 
A B C 


30 80 90 80 90 


Fieure 1303.—Effect of variation and deviation on the compass card. 


Example.—aA vessel is on course 215° true in an area where the variation is 7°W. 
The deviation is as shown in figure 1302. Degaussing is off. The gyro error (GE) is 1°E. 
A lighthouse bears 306°5 by magnetic compass. 


Required.—(1) Magnetic heading (MH). 
(2) Deviation. 
(3) Compass heading (CH). 
(4) Compass error. 
(5) Gyro heading. 
(6) Magnetic bearing of the lighthouse. 
(7) True bearing of the lighthouse. 
(8) Relative bearing (art. 406) of the lighthouse. 
Solution.— 
TH 215° 
Ved YW 
(1) MH 222° 
Ce DA eas 
(3) CH 223°5 


The deviation is taken from the deviation table (fig. 1302), to the nearest half 
degree. 
(4) Compass error is 77W+1°5W=8°5W. 
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TH 215° 
GE 1°: 
(5) Hpge 214° 


CB 306°5 
D° Ties. W 

(6) MB 305° 
V Were ow 

(7), TB 208° 


(8) RB=TB—TH=298°—215°=083°. 
Answers.—(1) MH 222°, (2) D 1°5W, (8) CH 223°5, (4) CE 8°5W, (5) Hyg. 214°, 
(6) MB 305°, (7) TB 298°, (8) RB 083°. 
Problems 


1303a. Fill in the blanks in the following: 


LG V MC D (XG: CE 
(ty) 105" / 158 a 5 W =o - 
(oye Fe 2 = 4E 215 145 
Ce ae = Jo 067 7W 
(4) 156 a 166 _ 160 = 
(5) 222 is 216 3 Ww = == 
(6) 009 _ 357 _ _ 10 E 
Cl) 2 Wa oe 6E 015 _ 
(Sie = 210 _ 214 1W 


Answers —(1) MC 090°, CC 095°, CE 10°E; (2) TC 229°, V 10°E, MC 219°; (8) 
TC 060°, MC 072°, D 5°E; (4) V 10°W, D 6°E, CE 4°W;; (5) V 6°E, CC 219°, CE 
3°E; (6) V 12°E, D 2°W, CC 359°; (7) TC 019°, MC 021°, CE 4°E; (8) "TC 213°, 
Vee ae We 

1303b. A vessel is on course 150° by compass in an area where the variation is 19°H. 
The deviation is as shown in figure 1302. Degaussing is on. 

Required.—(1) Deviation. 

(2) Compass error. 

(3) Magnetic heading. 

(4) True heading. 

Answers.—(1) D 1°, (2) CE 20°E, (3) MH 151°, (4) TH 170°. 

1303c. A vessel is on course 055° by gyro and 041° by magnetic compass. The gyro 
error is 1°W. The variation is 15°E. 

Required.—The deviation on this heading. 

Answer.—D 2°W. 

1303d. A vessel is on course 177° by gyro. The gyro error is 0°5E. A beacon bears 
088° by magnetic compass in an area where variation is 11°W. The deviation is as 
shown in figure 1302, degaussing off. 

Required. —The true bearing of the beacon. 

Answer.—TB 076°. 


CHAPTER XIV 
CONVERSION ANGLE 


1401. Introduction.—A bearing obtained by radio, like one determined in any 
other manner, provides means for establishing a line of position. By heading in the 
direction from which the signal is coming, one can proceed toward, or home on, the 
transmitter. In thick weather one should avoid heading directly toward the source of 
radiation unless he has reliable information to indicate that he is some distance away. 
In 1934 the Nantucket Lightship was rammed and sunk by a ship homing on its radio- 
beacon. 


Radio waves, like light, travel along great circles. Except in high latitudes, visual 
bearings can usually be plotted as straight lines on a Mercator chart, without significant 
error. Radio bearings, however, are often observed at such positions with respect to 
the transmitter that the use of a rhumb line is not satisfactory. Under these conditions 
it is customary to apply the conversion angle, the difference between the rhumb line 
direction and the initial great-circle direction, as a correction to the observed angle, 
to find the equivalent rhumb line. Such a correction is not needed when a bearing is 
plotted on a gnomonic chart or one on which a straight line is a good approximation 
of a great circle. In other situations, a correction may be necessary. 


If the transmitter and receiver are on the same meridian, or are both on the equator, 
no correction is needed because rhumb lines and great circles coincide under these 
conditions. The size of the correction increases with degree of departure from these 
conditions, and with greater distance between transmitter and receiver. 


1402. Convergence of the meridians.—Due to the meridians converging at the 
poles, the great circle between two points, except those points on the equator or same 
meridian, intersects all meridians at different angles. The difference between the initial 
and final great-circle directions is the convergence of the meridians. Because of this 
convergence the initial direction and the reciprocal of the final direction do not differ 
by 180°. As shown in figure 1402, the initial direction of the great circle between A and 
B on the same side of the equator is angle A; the final direction at B is 180°—B. There- 
fore, in terms of the angles of the spherical triangle PnAB, 


convergence of the meridians, c=180°—A—B 
© _g9°_ arr) 
s=90°—("5 


1 1 
cot 5 c=tan 5 (A+B). 


Using Napier’s Analogies (art. 143), the convergence of the meridians can be ex- 
pressed in terms of difference of latitude (J) and difference of longitude (DLo). 
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1 1 

1 COS 5 (a—b) 1 COs 5 (PnB—PnA) 1 

tan 5 (ASB) ore ae cot 5 Oe a ee cot 5 APnB 
COS 5 (a+b) COS 5 (PnB+PnA) 


ebe 
Aig pee ot 1 DES 
O05 sin La © 2 
tan 5 gee as tan F DLo. 
cos 5 (41) 


As shown in figure 1402, the conversion angle is equal to one-half the convergence 
of the meridian. For small differences of latitude, cos / can be considered 1 without 
introducing a significant error. Therefore, for small differences of latitude, equation 41 
can be simplified: 


tan conversion angle=sin Lm tan ; DLo. (42) 


The tangent of a small angle equals, approximately, the angle in radians. Therefore, 
for small values of DLo and / (up to 15° to 20°), equation 42 can be simplified: 


conversion angle= 5 DLo sin Lm. (43) 


Ph 


ee 


) 
Figure 1402.—Convergence of the meridians and conversion angle. 


1403. Conversion angles are given in table 1. This table is used to convert great 
circle to rhumb line directions or vice versa. If the difference of longitude is not more 
than 4°5, and the mid latitude between transmitter and receiver is not more than 85°, 
the first part of the table should be used. The simplifying assumptions used in the 
computation of this part of the table do not introduce a significant error within the 
limits of the table. 
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The sign of the correction can be determined by referring to the rules given at the 
bottom of each page of table 1. These follow from the fact that the great circle is nearer 


the pole than the rhumb line. The sign can be visualized by means of a simple sketch, as 
shown in figure 1403. 


NORTHERN HEMISPHERE 


Great Circie Great Circle 
Rum Line gto Line 
g = > 

vf ae TRANSMITTER = \ 
RECEIVER RECEIVER 
WEST OF ————— FQuatoR ————— EAST OF 

TRANSMITTER TRANSMITTER 
\ — TRANSMITTER + / 


Great Circle 


Great Circle 


SOUTHERN HEMISPHERE 


Figure 1403.—Sign of conversion angle correction to radio bearings. 


Example 1—The DR position of a ship is lat. 42°15/2N, long. 9°48’/6W. A radio 
bearing is taken on Cabo Montedor Light Station, at lat. 41°45’00”N, long. 8°52/20” W. 
The reading, corrected for calibration error, is 125°5. 

Required.—The equivalent rhumb line bearing. 


Solution.— 

Latitude Longitude 
Receiver 42°15'2N 9°48'6W 
Transmitter 41°45'0N 8°52/3W 
Difference 30/2 56/3=0°9 
Mid latitude 42°0 
Correction (+)0°3 (from table 1) 
Great-circle bearing 125°5 
Rhumb line bearing 125°8 


Answer.—B 125°8. 

Example 2—The DR position of a ship is lat. 34°20'6N, long. 124°18'6W. A 
radio bearing is taken on Point Loma Light Station, at 32°40‘0N, long. 117°14:6W. 

Required.—The conversion angle correction. 

Solution.—Enter the second part of table 1 with the nearest tabular values of 
latitude of the receiver (35°), DLo (5°), and latitude of the transmitter (30°) as argu- 
ments to extract the base correction, (+)1°3. With two of the arguments held constant, 
find, successively, the change in the base correction for the difference between the third 
argument and its corresponding actual value. With latitude of transmitter and DLo 
held constant, the change in the base correction for the difference between the latitude 
of receiver argument and the actual latitude of the receiver is 0°0. With latitude of 
receiver and latitude of transmitter arguments held constant, the change in the base 
correction for the difference between the DLo argument and the actual DLo is (+)0°6. 
With latitude of receiver and DLo arguments held constant, the change in the base 
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correction for the difference between the latitude of transmitter argument and the actual 
latitude of the transmitter is 0°1. Therefore, the conversion angle correction is (+)2°0 
(1°3+0°0+0°6+0°1). 

Answer.—Correction 2°0. 

Since radio bearings are generally somewhat less accurate than visual bearings, 
and often are observed at greater distances, positions obtained by them are generally 
considered of insufficient accuracy to be termed fixes, and so are usually considered 
estimated positions. However, judgment should govern the reliance to be placed upon 
such positional information. 

Some navigators estimate or assume a probable error (usually of +2° unless 
conditions suggest another value) and plot lines on each side of the bearing line to 
indicate the probable area within which the vessel is presumed to be located 

Radio bearings furnished by a direction finder station have been corrected for known 
errors at the receiver, but not for conversion angle. The latter should be applied by 
the user. 

In high latitudes it is not unusual to make use of bearings on objects a considerable 
distance from the vessel. Because of the rapid convergence of the meridians in these 
areas, such bearings are not correctly represented by straight lines on a Mercator chart. 
If this projection is used, the bearings should be corrected in the same manner that 
radio bearings are corrected (using table 1), since both can be considered great circles. 
Neither visual nor radio bearings are corrected when plotted on a Lambert conformal 
chart. 


Problems 


1403a. The DR position of a ship is lat. 31°22‘8N, long. 121°06‘5W. A radio 
bearing is taken on Point Loma Light Station, at lat. 32°40‘0N, long. 117°14/6W. 

Required.—The conversion angle correction. 

Answer.—Correction (+)1°91. 

1403b. The DR position of a ship is lat. 44°08/2S, long. 62°56‘/9W. A radio bear- 
ing is taken on Isla Leones Light Station, at lat. 45°03’03”S, long. 65°36’33” W. 
The uncorrected reading is 039°5 relative, the ship being on true heading 205° at the 
moment the bearing is observed. The calibration table indicates a correction of (—) 
2° should be applied. 

Required.—The equivalent true rhumb line bearing. 

Answer.—B 243°5. 


APPENDICES 


APPENDIX A. 
APPENDIX B. 
APPENDIX C. 
APPENDIX D. 
APPENDIX E. 
APPENDIX F. 
APPENDIX G. 
APPENDIX H. 
APPENDIX I. 

APPENDIX J. 

APPENDIX K. 
APPENDIX L. 
APPENDIX M. 


APPENDICES 


Navigational Coordinates__-_-_--_--- 
Extracts from Nautical Almanac_-_- 
Extracts from Air Almanac__-_-_-___- 
ong-term-almanaci=2e2. 22522225 
Extracts from Pub. No. 260_.__--_- 
Extracts from Pub. No. 261_.....=- 
Extracts from Pub. No. 214.2. _ 
Extracts from Tide Tables________- 


Extracts from Tidal Current Tables 


Page 
633 
636 
637 
639 
650 
651 
668 
687 
693 
696 
698 
701 
704 


APPENDIX A 
ABBREVIATIONS 


A, amplitude; augmentation; away (alti- 
tude intercept). 

a, altitude intercept (Ho~Hc); altitude 
factor (change of altitude in one minute 
of time from meridian transit) ; assumed. 

a), first Polaris correction. 

a,, second Polaris correction. 

a,, third Polaris correction 

add’l, additional. 

aL, assumed latitude. 

AM, ante meridian (before noon). 

antilog, antilogarithm. 

AP, assumed position. 

approx., approximate, approximately. 

AU, astronomical unit. 

a), assumed longitude. 

B, atmospheric pressure correction (alti- 
tude); bearing, bearing angle. 

Ba, difference between heading and ap- 
parent wind direction. 

Brg., bearing (as distinguished from bear- 
ing angle). 

B,,-, bearing per gyro compass. 

Br, difference between heading and true 

wind direction. 

C, Celsius (centigrade) ; chronometer time; 
compass (direction); correction; course, 
course angle. 

CB, compass bearing. 

CC, compass course; chronometer correc- 
tion. 

CE, chronometer error; compass error. 

CH, compass heading. 

cm, centimeter, centimeters. 

CMG, course made good. 

Cn, course (as distinguished from course 
angle). 

co-, the complement of (90° minus). 

COA, course of advance. 

COG, course over ground. 

coL, colatitude. 

colog, cologarithm. 

corr., correction. 

cos, cosine. 


cot, cotangent. 

cov, coversine. 

Cyec) Course per gyro compass. 

csc, cosecant. 

CZn, compass azimuth. 

D, deviation; dip (of horizon); distance. 

d, declination (astronomical) ; difference. 

d, declination change in one hour. 

D. Lat., difference of latitude. 

Dec., declination. 

Dec. Inc., declination increment. 

Dep., departure. 

Dev., deviation. 

DG, degaussing. 

diff., difference. 

Dist., distance. 

DLo, difference of longitude (arc units). 

DR, dead reckoning, dead reckoning 
position. 

D,, dip short of horizon. 

DSD, double second difference. 

dur., duration. 

d), difference of longitude (time units). 

E, east. 

e, base of Naperian logarithms. 

e, eccentricity. 

EP, estimated position. 

Eq.T, equation of time. 

ETA, estimated time of arrival. 

F, Fahrenheit; fast; longitude factor; 
phase correction (altitude). 

f, latitude factor. 

ft., foot, feet. 

G, Greenwich, Greenwich meridian (up- 
per branch); grid (direction). 

g, acceleration due to gravity; Greenwich 
meridian (lower branch). 

GAT, Greenwich apparent time. 

GB, grid bearing. 

GC, grid course. 

GE, gyro error. 

GH, grid heading. 

GHA, Greenwich hour angle. 
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GMT, Greenwich mean time. 

GP, geographical position. 

Gr., Greenwich. 

GST, Greenwich sidereal time. 

GV, grid variation. 

GZn, grid azimuth. 

h, altitude (astronomical); height above 
sea level. 

ha, apparent altitude. 

hav, haversine. 

He, computed altitude. 

Hdg., heading. 

HE, heeling error; height of eye. 

Ho, observed altitude. 

HP, horizontal parallax. 

Hp, precomputed altitude. 

Hy,-, heading per gyro compass. 

hr., hour. 

hrs., hours. 

hs, sextant altitude. 

ht, tabulated altitude. 

HW, high water. 

I, instrument correction. 

IC, index correction. 

in., inch, inches. 

int., interval. 

J, irradiation correction (altitude). 

K, Kelvin (temperature). 

km, kilometer, kilometers. 

kn., knot. knots. 

L, latitude; lower limb correction for 
moon (from Nautical Almanac). 

l, difference of latitude; logarithm, loga- 
rithmic. 

LAN, local apparent noon. 

LAT, local apparent time. 

lat., latitude. 

LHA, local hour angle. 

LL, lower limb. 

Lm, middle latitude; mean latitude. 

LMT, local mean time. 

log, logarithm, logarithmic. 

log., natural logarithm (to the base e). 

log,., common logarithm (to the base 10). 

long., longitude. 

LOP, line of position. 

LST, local sidereal time. 

LW, low water. 


ABBREVIATIONS 
M, celestial body; meridian (upper 
branch); magnetic (direction); me- 


ridional parts; nautical mile, miles. 

m, meridian (lower branch); meridional 
difference (M,~M,); meter, meters; 
statute mile, miles. 

mag., magnetic; magnitude. 

MB, magnetic bearing. 

mb, millibar, millibars. 

MC, magnetic course. 

Mer. Pass., meridian passage. 

MH, magnetic heading. 

mi., mile, miles. 

mid, middle. 

min., minute, minutes. 

mm, millimeter. 

mo., month. 

mos., months. 

mph, miles (statute) per hour. 

MPP, most probable position. 

MSL, mean sea level. 

MZn, magnetic azimuth. 

N, north. 

n, natural (trigonometric function). 

Na, nadir. 

P, atmospheric pressure; parallax; planet; 
pole. 

p, departure, polar distance. 

PC, personal correction. 

pge, per gyro compass. 

P in A, parallax in altitude. 

PM, post meridian (after noon). 

Pn, north pole; north celestial pole. 

PPI, plan position indicator. 

Ps, south pole; south celestial pole. 

psec, per standard compass. 

p stg c, per steering compass. 

Pub., publication. 

PV, prime vertical. 

Q, Polaris correction (Air Almanac). 

QQ’, celestial equator. 

R, Rankine (temperature) ; refraction. 

RA, right ascension. 

rad, radian, radians. 

RB, relative bearing. 

R Bn, radiobeacon. 

RDF, radio direction finder. 

rey., reversed. 
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R Fix, running fix. 

RZn, relative azimuth. 

S, sea-air temperature difference correc- 
tion (altitude) ; slow; south. 

S,, speed of apparent wind in units of 
ship’s speed. 

SD, semidiameter. 

sec, secant. 

sec., second, seconds. 

semidur., semiduration. 

SH, ship’s head (heading). 

SHA, sidereal hour angle. 

sin, sine. 

SMG, speed made good. 

SOA, speed of advance. 

SOG, speed over ground. 

Sz, speed of true wind in units of ship’s 
speed. 

St M, statute mile, miles. 

T, air temperature correction (altitude) ; 
table; temperature; time; toward (alti- 
tude intercept); true (direction). 

t, dry-bulb temperature; elapsed time; 
meridian angle. 

t’, wet-bulb temperature. 

tab., table. 

tan, tangent. 

TB, true bearing; air temperature-atmos- 
pheric pressure correction (altitude). 

TC, true course. 

TH, true heading. 

TR, track. 

Tr., transit. 

TZn, true azimuth. 
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U, upper limb correction for moon (from 
Nautical Almanac). 

UL, upper limb. 

UT, universal time. 

V, variation; vertex. 

v, excess of GHA change from adopted 
value for one hour. 

Var., variation. 

ver, versine. 

W, west. 

WE, watch error. 

WT, watch time. 

X, parallactic angle. 

yd., yard. 

yds., yards. 

yr., year. 

yrs., years. 

Z, azimuth angle; zenith. 

z, zenith distance. 

ZD, zone description. 

Z Diff., azimuth angle difference. 

Zn, azimuth (as distinguished from azi- 
muth angle). 

Zny,-) azimuth per gyro compass. 

ZT, zone time. 

A, a small increment, or the change in one 
quantity corresponding to unit change 
in another. 

d, longitude; wave length (radiant energy). 

o, standard deviation. 

uy index of refraction. 

us, Dicrosecond. 

a, ratio of circumference of circle to 
diameter=3.14159+. 
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GREEK ALPHABET 


Alpha 
Beta 
Gamma 
Delta 
Epsilon 
Zeta 
Eta 
Theta 
Tota 
Kappa 
Lambda 
Mu 
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Z 


S 
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SE 6s Ca Se Sa Ona 


Q 


” 


aS) 


Omicron 
Pi 

Rho 
Sigma 
Tau 
Upsilon 
Phi 

Chi 

Psi 
Omega 
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SYMBOLS 
Positions 
© Dead reckoning position. 4, Symbol used for one set of fixes when 
© Fix. simultaneously fixing by two 
© Estimated position. means, e.g., visual and radar; 
sometimes used for radionaviga- 
tion fixes. 


Mathematical Symbols 


+ Plus (addition) Voth root 

— Minus (subtraction) = Equals 

+ Plus or minus ~ Not equal to 

~ Absolute difference = Nearly equal to 

x Times (multiplication) > Is greater than 

-- Divided by (division) < Is less than 
Square root J Integral sign 

Z Angle © Infinity 

. Therefore ... Repeating decimal 


Celestial Bodies 


© Sun w-P Star-planet altitude correction (al- 
€ Moon titude) 
8 Mercury © C Lower limb 
Q Venus ©-€ Center 
@® Earth © ¢ Upper limb 
o& Mars @ New moon 
2 Jupiter @ Crescent moon 
hk Saturn © First quarter 
6 Uranus © Gibbous moon 
v Neptune © Full moon 
P Pluto O Gibbous moon 
yw Star ® Last quarter 

@ Crescent moon 

Signs of the Zodiac 

TY Aries (vernal equinox) = Libra (autumnal equinox) 
vs Taurus M Scorpius 
I Gemini f Sagittarius 
5 Cancer (summer solstice) ¥3 Capricornus (winter solstice) 
8 Leo ae Aquarius 
m Virgo x Pisces 
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y Years 

™ Months 

¢ Days 

» Hours 

™ Minutes of time 

® Seconds of time 
ma Remains below horizon 
Remains above horizon 
//// Twilight all night 
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Miscellaneous Symbols 


* Interpolation impractical 
° Degrees 
’ Minutes of arc 
” Seconds of arc 
o& Conjunction 
& Opposition 
C] Quadrature 
& Ascending node 
@ Descending node 


APPENDIX D 
MISCELLANEOUS DATA 


Exact relationships shown by asterisk (*). See footnote on page 649. 


Area 
dPequare inchs... 32. 5 eee ca | ee ae ea = 6.4516 square centimeters* 
I sQuare {00t— crema nto eee AEs OAS ten = 144 square inches* 
=0.09290304 square meter* 
= 0.000022957 acre 
IESQUALC Yard! .adsce San epee eee NO ore =49 square feet* 
=0.83612736 square meter 
eSquares(Statute)vm ile: sean sas eee ee ae = 27,878,400 square feet* 
= 640 acres* 
= 2.589988110336 square kilometers* 
isquarercentime terse. sesse san See eee oe =0.1550003 square inch 
=0.00107639 square foot 
HE SQUBC IN CLC ence See aes oo ee ene =10.76391 square feet 
= 1.195990 square yards 
isquarevlometer sen ae oo ae eS = 247.1053815 acres 
=0.38610216 square statute mile 
=0.29155335 square nautical mile 
Astronomy 
dimeanysolarcunites=. 26a. 2 = ees sae = 1.00273791 sidereal units 
itsiderealiunitl2 = 3 5- Bee tan enn 22 Fe =0.99726957 mean solar unit 
Imi CroseCOnG 25222 — pear j=m SE Ee ee = 0.000001 second* 
IvseconGe =: 2a== 2s ee eee Aas Ae ee ee = 1,000,000 microseconds* 


=0.01666667 minute 
=0.00027778 hour 
=0.00001157 day 
[Sminates 9 = 5 ee ee EAS ete =60 seconds* 
=0.01666667 hour 
=0.00069444 day 
hOUr ones eos Sak ee ae ee oe =3,600 seconds* 
= 60 minutes* 
=0.04166667 day 
imeantsolar dayaaunee a. Bee Ss Oise = 24603™56255536 of mean sidereal time 
=1 rotation of earth with respect to sun (mean) * 
=1.00273791 rotations of earth with respect to 
vernal equinox (mean) 
= 1.0027378118868 rotations of earth with respect 
to stars (mean) 


lemeanisiderealiday 2-52 eee eae ete ees = 23456™04809054 of mean solar time 
lisideréal month... --. 24) here eet ocx = 27.321661 days 
= 2790754371185 
: = 29.530588 days 
1 dicalimonth= ==. = sae. Seee ei ee 
Saree eee — 2941 2h44mQ268 
f : = 31,556,925.975 seconds 
1 tropical(ordinary) yearlic2. 32.--2..2-_-- = 525,948.766 minutes 


=8,765.8128 hours 

= 365424219879 — 040000000614(t— 1900), where ¢ 
=the year (date) 

= 365105548™46s (—) 080053t 


639 


640 APPENDIX D: MISCELLANEOUS DATA 


Astronomy—Continued 
Isidereall:veariws. 25 te oe eee eee = 865425636042-+ 0.0000000011(¢— 1900), where ¢ 
. =the year (date) 

= 365406509™09%5 (+) 0s0001t 

1 calendar year (common)-______-_--------- = 31,536,000 seconds* 
= 525 600 minutes* 
= 8,760 hours* 
=365 days* 

i eaSackye seahe (GA) 2 ee eee ee aeeeu = 31,622,400 seconds* 
= 527,040 minutes* 
= 8,784 hours* 
= 366 days* 

dulight-year. au. s22 5 ee SERIO eel eee = 9,460,000,000,000 kilometers 
= 5,880,000,000,000 statute miles 
= 5,110,000,000,000 nautical miles 
= 63,240 astronomical units 
=0.3066 parsecs 

I PATse Cae See ee eee oe ne ae = 30,860,000,000,000 kilometers 
= 19,170,000,000,000 statute miles 
= 16,660,000,000,000 nautical miles 
= 206,300 astronomical units 
= 3.262 light years 

(Fas trom Oma Cau ee eee eee = 149,600,000 kilometers 
= 92,960,000 statute miles 
= 80,780,000 nautical miles 
= 4993012 light-time 
=mean distance, earth to sun 


Mean distance, earth to moon____________-__- = 384,400 kilometers 
= 238,855 statute miles 


= 207,559 nautical miles 


Mean’ distance; earth tosuneo.s5. oe eeeoe ee = 149,600,000 kilometers 
= 92,957,000 statute miles 
= 80,780,000 nautical miles 
=1 astronomical unit 


Sunis: diameter-o5) 2222) = ee et eee = 1,392,000 kilometers 
= 865,000 statute miles 
= 752,000 nautical miles 
SUN SHIM ASS 2 Se te Se een Re Nae == 1,987,000,000,000,000,000,000,000,000,000,000 
grams 
= 2,200,000,000,000,000,000 000,000,000 short tons 
= 2,000,000,000,000,000,000,000,000,000 long tons 


Speed of sun relative to neighboring stars___=19.4 kilometers per second 
= 12.1 statute miles per second 
=10.5 nautical miles per second 


Orbitalispeedlofvearth seas seen een = 29.8 kilometers per second 
= 18.5 statute miles per second 
= 16.1 nautical miles per second 


Obliquityzofitherecliptic#e =] sess eee eeee ee = = 23°27'08"26—0"4684(¢—1900), where t=the 
year (date) 
General precession of the equinoxes_________ =50"2564+ 0"000222(t—1900) per year, where 


t= the year (date) 


Precession of the equinoxes in right ascension__ = 46”0850+ 0”000279(t— 1900) per year, where 
t=the year (date) 


Precession of the equinoxes in declination___.=20"0468—0"000085(t—1900) per year, where 
t=the year (date) 
INiaionitide neti Orr aes eee ee ee =P 
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Charts 
Nautical milessperjinch......ses.<2..-4.<-2 =reciprocal of natural scale+72,913.39 
Stavupeimlles spemin chia: eaeesee amen ee eee =reciprocal of natural scale+63,360* 
inchesipermanticalenileae a= sans ee = 72,913.39 X natural scale 
Imchestperestatutcnmile: = == === nee es = 63,360 X natural scale* 
Naturaliscales.o-. 522.5 deh Pb SAM one ie = 1:72,913.39 X nautical miles per inch 
=1:63,360 Xstatute miles per inch* 
Earth 
Acceleration due to gravity (standard)_______ = 980.665 centimeters per second per second 
= 32.1740 feet per secona per secona 
Mass-ratio—Sun/Earth_____........---.-.- = 332,958 
Mass-ratio—Sun/ (Earth & Moon)____--_--- = 328,912 
Mass-ratio—Earth/Moon___-___-_-----_--- = 81.30 
Mean density_____- SEE SES os ees =5.517 grams per cubic centimeter 
Velocity oféscape._ - Sas. om yan. OU ee ee =6.94 statute miles per second 
Curvature of surface.=_ 2-2... eab S25 _2ee =0.8 foot per nautical mile 
Clarke spheroid of 1866 
EUCUBLONIAL TACITUS: (@)seee omen ee eee = 20 925,874.05 feet 


=6,975,291.35 yards 

= 6,378,206.4 meters 

= 3,963.234 statute miles 

= 3,443.957 nautical miles 
Polarsradiuse(h) ss ee oe eee Cena ee =20,854,933.76 feet 

=6,951,644.59 yards 

=6,356,583.8 meters 

=3,949.798 statute miles 

=3,432.281 nautical miles 


Mean radius Ge — 20,902,227.28 feet 
= 6,967,409.09 yards 
=6,370,998.9 meters 
=3,958.755 statute miles 
= 3,440.064 nautical miles 


Ie of-equatores 222-25 oe Sere = 6,087.90 feet 
= 2,029.030 yards . 
=1,855.345 meters 
=1.153 statute miles 
= 1.002 nautical miles 
lof latitude at-equators. 2-2-2) ee =6,045.889 feet 
=2,015.296 yards 
= 1,842.787 meters 
= 1.145 statute miles 
=0.995 nautical mile 
itof latitudevat:poleisd.. 2225 2eoseeee ee oes. =6,107.795 feet 
= 2,035.932 yards 
=1,861.656 meters 
=1.157 statute miles 
= 1.005 nautical miles 


Flattening or ellipticity (7 = 2 Taal cals = 994.98 
= 0.00339007530 
Boventricity(e= v2 {272 je acnuee eek = 0.08227185422 
Hecentricity squareds(e2) 22525 se ee eee = 0.00676865800 
Clarke spheroid of 1880 
Equatorialtradiiss( @)2es see sae eeoe ae = 20,926,014.29 feet 


= 6,975,338.10 yards 

= 6,378,249.145 meters 

= 3,963.260 statute miles 
= 3,443.980 nautical miles 
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Earth—Continued 


Polar'‘radius! (6)S 2000) 160 PA ROA ells = 20,854,707.61 feet 
=6,951,569.20 yards 
=6,356,514.870 meters 
=3,949.755 statute miles 
=3,432.245 nautical miles 

ee eee ee see = 20,902,245.39 feet 
=6,967,415.13 yards 
=6,371,004.387 meters 
=3,958.759 statute miles 
= 3,440.067 nautical miles 

1 of equator: < - SUA pe sifeet See Sra) Bs =6,087.129 feet 

= 2,029.043 yards 
=1,855.357 meters 
=1.153 statute miles 
=1.002 nautical miles 


1’ of latitude at equator_.-.._-___________- =6,045.719 feet 
=2,015.240 yards 
= 1,842.735 meters 
=1.145 statute miles 
=0.995 nautical mile 

Io latituderat poles see -ss4ssae= see ee a =6,107.943 feet 
=2,035.981 yards 
=1,861.701 meters 
=1.157 statute miles 
=1.005 nautical miles 


Mean radius ( —.— 


Flattening or ellipticity (7 a) 


set Res ~ 293.465 
_ =0.00340756138 
Hecentricity (e=./9f—y2)____. aise SoA —0.0824834 
® Hecentricity squared ((€2))= 2. een eee ae = 0.00680351 
International spheroid 
IDOUMERKOAEN TANCE) (GH) ao ce ee ee = 20,926,469.85 feet 


=6,975,489.95 yards 

= 6,378,388 meters 

= 3,963.347 statute miles 
= 3,444.054 nautical miles 


Polarniradiuisy (6) esse eee ee eg eee = 20,856,010.35 feet 
=6,952,003.45 yards 
=6,356,911.946 meters 
=3,950.002 statute miles 

2a+b = 3,432.459 nautical miles 

3 ; oe se ae Jen Hey Se = 20,902,983.35 feet 

=6,967,661.12 yards 
=6,371,229.315 meters 
=3,958.8987 statute miles 
=3,440.190 nautical miles 

LR OLCQUaLORS 905) 28 22 = ae ee er =6,087.264 feet 

=2,029.088 yards 
=1,855.398 meters 
=1.153 statute miles 
= 1.002 nautical miles 
iMoflatitude at equator ss ae eee =6,046.342 feet 
=2,015.447 yards 
=1,842.925 meters 
=1.145 statute miles 
=0.995 nautical mile 


Mean radius ( 
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Earth—Continued 


Lgorsativuclera tsp Ole mene rae eee =6,107.828 feet 
=2,035.943 yards 
= 1,861.666 meters 
=1.157 statute miles 
=1.005 nautical miles 


Flattening or ellipticity (7 =" *) eee oS a 


a 297 
= 0.00336700337 
Eccentricity (e=y2f—f2)...--.-.---------- = 0.08199188997 
Hecentricity squared) (e)=_ seers se see ee ee =0.00672267002 


International Astronomical Union figure of earth (1968) 


Se ee ES Re = 20,925,721.78 feet 
=6,975,240.59 yards 
=6,378,160 meters 
= 3,963.205 statute miles 
=3,443.931 nautical miles 


Bolaryradivisg 0) ass ecto eta een a eer at = 20,855,560.04 feet 
=6,951,853.35 yards 
= 6,356,774.719 meters 
=3,949.917 statute miles 
; Qa+b =3,432.384 nautical miles 
Mean radius (A) a eae EEO LAE 355 8. = 20,902,334.54 feet 
=6,967,444.85 yards 
= 6,371,031.573 meters 
=3,958.775 statute miles 
=3,440.082 nautical miles 
Ole QUaTOLS =o ce Seas ae eee ee =6,086.814 feet 
= 2,028.938 yards 
=1,855.333 meters 
=1,153 statute miles 
=1.002 nautical miles 


i@oflatitudesatequators= = -225- seeeeeeeeee = 6,046.302 feet 
=2,015.434 yards 
=1,842.917 meters 
=1.145 statute miles 
= 0.995 nautical miles 


Woof latitade:at pole. = s==5=-..- see eee eee =6,107.517 feet 
= 2,035.839 yards 
=1,861.573 meters 
=1.157 statute miles 
= 1.005 nautical miles 


Equatorial radius (a) 


Flattening or ellipticity (7 =) ee ee oe =a 
= 0.00335289 
Kecentricity (e=7/2f=f?)___- “seewee beleive = 0.0818202 
Hecentricity squared, (e)ns5 2-2-5252 eee ae = ().00669454 
Bessel spheroid 
Haustorialradiusn@)aocss- tea eee = 6,377,397.155 meters 
Polariradiusa(() eae w a sa eee ere Sas ee = 6,356,078.963 meters 


2a+b 
a eee 


Mean radius ¢ = 20,899,905.15 feet 
=6,966,635.05 yards 

= 6,370,291.091 meters 
=3,958.315 statute miles 


=3,439.682 nautical miles 
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Earth—Continued 


: Pea eae a=) = 1 

Flattening or ellipticity ( =—_ )---------- = 399.1528 
=0.00334277 

Eecentricity = + 2f— 2) ule sleet tele = 0.08169683 

Eecentricity squared (€7)_522-- 2 22255 25222 =0.0067437 

Everest spheroid 

Haquatorialiradiuss (qe eee ee =6,377,276.35 meters 

Polar raditiss(b) teehee 2 pee eee ae ee = 6,356,075.41 meters 

Mean radius (5 °) a So gpecncerant t= = 20,899,637.03 feet 
= 6,966,545.68 yards 


= 6,370,209.37 meters 

=3,958.265 statute miles 

=3,439.638 nautical miles 
1 


Flattening or ellipticity (7 == *) AVS Sos 


a ~~ 300.8017 

=0.00332445 
Eccentricity (e=1 2/72). ~- aoe eee =0.08147298 
Eccentricity squared (epee ee eee =0.00663785 

Fischer spheroid of 1960 (Mercury Datum) 

Equatorial radius) (@) eae. sa aeese eee =6,378,166 meters 
Polar radius: (b)esee— 2 oa See Se Ale =6,356,784.284 meters 
Mean radius (=> >) 2 BTS OB 248, 100 O= = 20,902,358.140 feet 


=6,967,452.713 yards 

= 6,371,038.761 meters 
=3,958.780 statute miles 
=3,440.086 nautical miles 


: ara a—b 1 
Flattening or ellipticity (7 = —) RES BS Le =3939 
= 0.00335233 
Eccentricity (e=/2f=—/2)-------.---.------ =0.08181334 
Hecentricity squared) (@)e_-_ see eee eee = 0.00669342 
Isinchwek! 92a e0e..... SO SEE oe tk =25.4 millimeters* 
= 2.54 centimeters* 
TiooteCUiSoccc ese. oes oe ee Re = 12 inches* 
=1 British foot 
=, yard* 


=0.3048 meter* 
=% fathom* 
ae DES eR eran ee ee =0.30480061 meter 
LGVard Sse ene Se St eee Cle ee 2, = 36 inches* 
=3 feet* 
= 0.9144 meter* 


=2 yards* 

= 1.8288 meters* 
Cables Bae ae ee a eee ee eee = 720 feet* 
= 240 yards* 
= 219.4560 meters* 
=(.1 nautical mile 


= 5,280 feet* 

=1,760 yards* 

= 1,609.344 meters* 

= 1.609344 kilometers* 
=0.86897624 nautical mile 


1 cable (British) 
1 statute mile 


Length—Continued 


1 nautical mile 


1 meter 


ITT O MC GCT eee ower en ee aes A ere oe 


Mass 


1 ounce 


EGP OULTY Cees ay ae ee ener A tee 


1 short ton 


1 long ton 


1 kilogram 


1 metric ton 


Mathematics 


Base of Naperian logarithms (e) 
Modulus of common logarithms (logie) 
1 radian 
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= 6,076.11548556 feet 

= 2,025.37182852 yards 

= 1,852 meters* 

= 1.852 kilometers* 
=1.150779448 statute miles 
= 100 centimeters* 
=39.370079 inches 

= 3.28083990 feet 

= 1.093861330 yards 
=0.54680665 fathom 
=0.00062137 statute mile 
=0.00053996 nautical mile 
=3,280.83990 feet 

= 1,093.61330 yards 

= 1,000 meters* 
=0.62137119 statute mile 
=0.53995680 nautical mile 


= 437.5 grains* 

= 28.349523125 grams* 
=0.0625 pound* 

= 0.028349523125 kilogram* 
= 7,000 grains* 

=16 ounces* 

= 0.45359237 kilogram* 

= 2,000 pounds* 

= 907.18474 kilograms* 
=0.90718474 metric ton* 
=().8928571 long ton 

= 2,240 pounds* 

= 1,016.0469088 kilograms* 
= 1.12 short tons* 

= 1.0160469088 metric tons* 
= 2.204623 pounds 
=0.00110231 short ton 
=0.00098421 long ton 

= 2,204.623 pounds 

=1,000 kilograms* 

= 1.102311 short tons 

= 0.9842065 long ton 


= 3.1415926535897932384626433832795028841971 
=9.8696044011 

= 1.7724538509 

= 2.718281828459 

= 0.4342944819032518 

= 206,264" 80625 

= 3,437! 7467707849 

= 57°2957795131 

=57°17'44"80625 

= 1,296,000”* 

=21,600’* 

=360°* 

= 27 radians* 

=T radians* 

=3600"* 

=60'* 

=0.0174532925199432957666 radian 
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Mathematics—Continued 


1 a cs, OO BRASRSI SOD Be, =60"* 
= 0.000290888208665721596 radian 
Wo See ye eee oe Lee eee ee = 0.000004848136811095359933 radian 
Sineiof MAc2222. 292.228). 5 Se ee = 0.00029088820456342460 
Sinerof lie. 25 pF NUS REE, Cee SUD Sel RE =0.00000484813681107637 
Meteorology 
Atmosphere (dry air) 
INT (RO gen yc ae ees ee ee ee = 78.08% 
Oxy fen Nes feed ne rere are meee els = 20.95% 
AT CO Ne ao Aare ee ene eee = 0.938% 99.99% 
Carbonedioxides aa eereer sere eee = 003% 
ING ON See oe ethene eee ete eee oes = 0.0018% 
Helium! eas cos ese eee ae ee ae = 0.000524% 
ry POMS: cto eee ee ees See ee oe = 0.0001% 
Er en eer aes eee ee Sees eetene, ee eetee ere e ne = 0.00005% 
KCN ON es See Sa en eee ae eee eee = 0.0000087 % 
OZONCHIRS sete eee Lehn es ee = 0 to 0.000007% (increasing with altitude) 
DRGKG Ce) a ct ene eer ee Ay Pe rg pole ed OER = 0.000000000000000006% (decreasing with al- 
titude) 
Standard atmospheric pressure at sea level ___= 1,013.250 dynes per square centimeter* 


=1,033.227 grams per square centimeter 
=1,033.227 centimeters of water 
=1,013.250 millibars* 

=760 millimeters of mercury 

=76 centimeters of mercury 

= 33.8985 feet of water 

= 29.92126 inches of mercury 

= 14.6960 pounds per square inch 

= 1.033227 kilograms per square centimeter 
= 1.013250 bars* 


ADSOlUteT Zena tre epee em a cee ey ey ee == (—) 273° 16C 
=(—) 459° 69F 
Pressure 
1 dyne per square centimeter__________-__-- =0.001 millibar* 
=0.000001 bar* 
1 gram per square centimeter__.._________-_- =1 centimeter of water 


= 0.980665 millibar* 

=0.07355592 centimeter of mercury 
=0.0289590 inch of mercury 
=0.0142233 pound per square inch 
=0.001 kilogram per square centimeter* 
= 0.000967841 atmosphere 


miliary. See oes ee a oe a = 1,000 dynes per square centimeter* 
=1.01971621 grams per square centimeter 
=0.7500617 millimeter of mercury 
= 0.03345526 foot of water 
=0.02952998 inch of mercury 
=0.01450377 pound per square inch 
=0.001 bar* 
=0.00098692 atmosphere 


ismillimeter ofmercuryasssesse2 2 eee ee =1.35951 grams per square centimeter 
= 1.3332237 millibars 
=0.1 centimeter of mercury* 
= 0.04460334 foot of water 
= 0.039370079 inch of mercury 
=0.01933677 pound per square inch 
= 0.001315790 atmosphere 
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Pressure—Continued 
i centimeter ofamercurye SoS e cee eee e_ =10 millimeters of mercury* 
Ivinch’ofemercuny sea. a8 Benge 1 a ee = 34.53155 grams per square centimeter 
= 33.86389 millibars 
= 25.4 millimeters of mercury* 
= 1.132925 feet of water 
= 0.4911541 pound per square inch 
=0.03342106 atmosphere 
J centimetenjofswatenseher 22eieoe Re Gere =1 gram per square centimeter 
=0.001 kilogram per square centimeter 
ITO ODLORSW A LET oe eterno Se oe eg EE SO. =30.48000 grams per square centimeter 


= 29.89067 millibars 

= 2.241985 centimeters of mercury 

= 0.882671 inch of mercury 

= 0.4335275 pound per square inch 

= 0.02949980 atmosphere 
IepPoUndepeNsquercinCh. = see ce eee ee ee = 68,947.57 dynes per square centimeter 

=70.30696 grams per square centimeter 

=70.30696 centimeters of water 

=68.94757 millibars 

=51.71493 millimeters of mercury 

= 5.171493 centimeters of mercury 

= 2.306659 feet of water 

= 2.036021 inches of mercury 

=0.07030696 kilogram per square centimeter 

=0.06894757 bar 

= 0.06804596 atmosphere 


1 kilogram per square centimeter___________-_ =1,000 grams per square centimeter* 
=1,000 centimeters of water 

1b oY: Phe, aaa ne Se Se ee eT, eee =1,000,000 dynes per square centimeter* 
=1,000 millibars* 

Speed 

isfootspernminutes see. ee eee weer eee =0.01666667 foot per second 
=0.00508 meter per second* 

jevardopernminutes ss. 2c ee ee ote aa = =8 feet per minute* 
=0.05 foot per second* 
=0.03409091 statute mile per hour 
= 0.02962419 knot 
=0.01524 meter per second* 

af OGbMeCTASCCON Cache ae res = emer eae = 60 feet per minute* 


=20 yards per minute* 

= 1.09728 kilometers per hour* 

= 0.68181818 statute mile per hour 
=0.59248380 knot 

= 0.3048 meter per second* 


IRstabube smile pers DOUre ae ee ee ems oe = 88 feet per minute* 
= 29.33333333 yards per minute 
= 1.609344 kilometers per hour* 
= 1.46666667 feet per second 
=0.86897624 knot 
= (0.44704 meter per second* 


kn Oteleoteeo sees Scala ee ee = 101.26859143 feet per minute 
= 33.75619714 yards per minute 
= 1.852 kilometers per hour* 
= 1.68780986 feet per second 
= 1.15077945 statute miles per hour 
=0.51444444 meter per second 


1 kilometer*per hour-2e 2 oeese le eee we =0.62137119 statute mile per hour 
=0.53995680 knot 
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Speed—Continued 


1*meter per second ssa 52 eee eee = 196.85039340 feet per minute 
=65.6167978 yards per minute 
=8.6 kilometers per hour* 
= 3.28083990 feet per second 
= 2.23693632 statute miles per hour 
=1.94384449 knots 


Gi CGR VACUO ean ae eer rer =299,792.5 kilometers per second 
= 186,282 statute miles per second 
= 161,875 nautical miles per second 
= 983.570 feet per microsecond 

ighthin' ait = ace ao 2 eee eee ae ee ee = 299,708 kilometers per second 
= 186,230 statute miles per second 
= 161,829 nautical miles per second 
= 983.294 feet per microsecond 

Sound in dry air at 59°F or 15°C and standard =1,116.45 feet per second 

sea level pressure 
= 761.22 statute miles per hour 
= 661.48 knots 
= 340.29 meters per second 

Sound in 3.485 percent salt water at 60° F___=4,945.37 feet per second 
= 3,371.85 statute miles per hour 
= 2,930.05 knots 
= 1,507.35 meters per second 


Volume 


A CUDIC SICH ass) = ee eer See eee ae eee eee = 16.387064 cubic centimeters* 
= ().016387064 liter 
= (.0043290 gallon 
Cubic h COU sae ne eee eee en eet eee ee = 1,728 cubic inches* 
= 28.316846592 liters 
= 7.480519 U.S. gallons 
= 6.22883522 imperial (British) gallons 
= 0.028316846592 cubic meter* 
(RCUbICey ard Jeers oe tee eee es ee ee ee = 46,656 cubic inches* 
= 764.55485798 liters 
= 201.974010624 U.S. gallons 
= 168.17859283 imperial (British) gallons 
=27 cubic feet* 
= 0.764554857984 cubic meter* 
IRCUbICICENLIMC tela ee ee ae eee =0.06102374 cubic inch 
=0.00026417 U.S. gallon 
=0.00021997 imperial (British) gallon 
Weubicsmetet;: 5.32222 4eeee hoe Oe eee = 264.17203187 U.S. gallons 
= 219.96923879 imperial (British) gallons 
= 35.31466655 cubic feet 
= 1.30795059 cubic yards 
Loquart: CU: S? eet ees ee erent Fotos eee = 57.75 cubic inches* 
= 32 fluid ounces* 
=2 pints* 
=0.94635295 liter 
=0.25 gallon* 
elon. Sw eer BIT AIS OK a! 22 = 3,785.411784 cubic milliliters 
= 231 cubic inches* 
= 0.13368056 cubic foot 
=4 quarts* 
=3.7854118 liters 
= (.8326725 imperial (British) gallon 


1 gallon (U.S.) 
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Volume—Continued 


titer See ee Pos ae eee eo Soe = 1,000 milliliters* 
= 61.02374 cubic inches 
= 1.056688 quarts 
= 0.2641721 gallon 
dereristerstonoe see nee ae ee a astoeae =100 cubic feet* 
= 2.8316846592 cubic meters* 
weed Ae Sn ern, ee ue oma chy nt ein =40 cubic feet* 
=1 freight ton* 
ee ee ee eee ee =40 cubic feet* 
=1 measurement ton* 


1 measurement ton 
1 freight ton 
Volume-mass 


se ee ee eee =64 pounds 


ene OE ote eee =62.428 pounds at temperature of maximum 
density (4° C=39°2 F) 

Sis at acre er Sh ey =56 pounds 

ee eRe See Penrarramege = ae =835 cubic feet of sea water* 

=1 long ton 


Note:—All values in this appendix are based on the following relationships: 
1 inch=2.54 centimeters* 


1 yard=0.9144 meter* 
1 pound (avoirdupois) =0.45359237 kilogram* 
1 nautical mile=1852 meters* 


Absolute zero = (—) 273°.16C = (—) 459°.69F. 


APPENDIX E 
NAVIGATIONAL COORDINATES 


Maximum Tea bels 


Coordinate Measured from | Measured along Measured to 


value 


latitude 
colatitude 


longitude 


declination 


polar 
distance 


altitude 


zenith dis- 


tance 


celestial equa- 


equator 


poles 


prime merid- 


lan 


tor 


elevated pole 


horizon 


zenith 


azimuth 


azimuth 
angle 


amplitude 
Greenwich 
hour angle 


local hour 
angle 


north 


meridian 


meridian 


parallel 


parallel 


90° 
90° 


parallel 


hour circle 


| hour circle 


vertical circle 


local meridian 


parallel of 
declination 


parallel of 
declination 


parallel of 


altitude 


vertical circle 


horizon 


parallel of 
altitude 


vertical circle 


90°* 


180° 


north, south 


east, west 


horizon 


horizon 


vertical circle 


body 


Greenwich 
celestial 
meridian 


| parallel of 


declination 


hour circle 


local celestial 
meridian 


parallel of 
declination 


hour circle 


360° 


180° or 90° 


90° 
360° 


meridian 


sidereal 


local celestial 
meridian 


hour circle of 


vernal equi- 
nox 


parallel of 
declination 


parallel of 
declination 


hour circle 


hour circle 


ascension 


Greenwich 
mean 
time 


local mean 
time 


zone time 


Greenwich 
apparent 
time 


local 
apparent 
time 


hour circle of 
vernal equi- 
nox 


lower branch 


Greenwich 
celestial 
meridian 


lower branch 


local 
celestial 
meridian 


parallel of 
declination 


hour circle 


parallel of 
declination 


hour circle 
mean sun 


parallel of 
declination 


hour circle 
mean sun 


lower branch 
zone 
celestial 
meridian 


lower branch 


Greenwich 
celestial 
meridian 


lower branch 


local 
celestial 
meridian 


parallel of 
declination 


hour circle 
mean sun 


parallel of 
declination 


hour circle 


apparent 
sun 


parallel of 
declination 


Greenwich 
sidereal 
time 


Greenwich 
celestial 
meridian 


local 
sidereal 
time 


*When measured from celestial horizon. 
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local 
celestial 
meridian 


parallel of 
declination 


parallel of 
declination 


hour circle 


apparent 
sun 


hour circle 
vernal 
equinox 


hour circle 
vernal 
equinox 
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EXTRACTS FROM NAUTICAL ALMANAC 
ALTITUDE CORRECTION TABLES 10°-90°—SUN, STARS, PLANETS 


OCT.—MAR. SUN APR.—SEPT. STARS AND PLANETS 


App. Lower Upper 
Alt. Limb Limb 


App. Lower Upper 
Alt. Limb Limb 


App. Additional 
Alt. Corr" 


+10:8—a1-5 
+10'9—21'4 


joer 
tO pe a 
10 +11°3—21-0 
= 47 4114-209 
I = 11°5—-20°8 
511-6 —20-7 
II 30 
+11-7—20-6 
II 46 
+11°8—20°5 
a2 O2 4.13: —20°4 
12 19 9 
12 68 ele 
s +12°I—20-2 
: 95 -12-2-201 
3 4 1 12-3—20-0 


ae +14:2—18-1 


zs 
ee set is3—1te 
27 ene K aikte 
29 Ses ey 
30 gers oer 
azote 
vig aoa 
Siero 
38 361 150-173 
41 og tis ta 172 

Ree yr 
io 99 4-15-3—170 
50 Fi a) 
mu 
59 San eoremre 
64 go ane’ 
70 pa omnes 
76 Gt 
83 og OO 183 
90 Sort es 


App. Alt. = Apparent altitude = Sextant altitude corrected for index error and dip. 
For daylight observations of Venus, see page 260. 


9 39 410-6—21-2 

95 LO: — ats 

10 03 

eS ferany ee 
+10:9—20-9 


10 27 
II:O— 20:8 
10 4ot 


+1I'4—20-4 
+11'§ —203 
+11°6—20-2 


13 45.1 12-2 
4 o2 4123-195 
14 : +12°4—19'4 

4412-51953 


1§ 19 ae 
15 Wee 19:2 


—19°6 


1975 
VENUS 
Jan. 1 —June 7 

i Se o'r 
June 8 —July 21 
Ohne. 
Pe) 
July 22—Aug. 6 

6 ¢ 
+04 
II ‘ 
fies 
Aug. 7—Aug. 15 
6 +OS 
oe + 0°6 
ae! 
Aug. 16 —Sept. 10 
o + 06 
Sy +07 
3 +08 


Sept. 11—Sept. 19 


Sept. 20—Oct. 5 


8 } 

+04 
II ; 
41 + 0°5 


Oct. 6 —Nov. 22 
ss +03 
Nov. 23 —Dec. 31 
2 +o1 
MARS 


Jan. 1 —Sept. 8 


6 , 
6 to! 


Sept. 9 —Nov. 22 


PI 
3;0— 


See table 


79 
8-3 
8-6 
9:0 
28— 93 


30— 96 
32—I0-0 
34—10°3 
36—10°6 
38—10'8 


40—II'I 
42—11°4 
44—11-7 
46—11°9 


48 —12:2 


ft. F 
2— 1°4 
4-19 
6— 2:4 
8— 2-7 
IO— 3°1 
See table 


8-1 
8-4 
8-7 
8-9 
9:2 
9°5 


7 
9:9 
IIO—10'2 
II§—10°4 
120—10°6 
125 —10°8 


130—II'I 
135 —I1'3 
140—I1°5 
145 —I1-7 
I50—II'‘9 
1§§—I12'1 
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ALTITUDE CORRECTION TABLES 0°-10°—SUN, STARS, PLANETS A3 


| OCT.-MAR. SUN ApPR.-SEPT. OCT.-MAR. SUN APR.-SEPT. | 

i = ; STARS Pp- a y ~~ STARS 
Lower Upper | Lower Upper PLANETS ; Lower Upper | Lower Upper PLANETS 
Limb Limb | Limb Limb Limb Limb | Limb Limb 


/ 
—29'0)| + 
28°7 
28°5 
28:3 
28° | 
27°9 


~ 


, 
—28°7 
28°5 
283 
28°1 
27°9 
27°7 


te, 


HONUWH 


27 Om) 
27'6 | 
27°4 
Payfars || 


—27°5 
27°3 
2742 
2720) 
26°8 
26°7 


27° | 
26°9 


HO MANY 


—26'5 
26:3 
26:2 
26-0 
25°9 
25'8 


—26°7 | 
26:6 | 
26°4 | 
26:3 
26°1 | 
26:0 


OG MANW 


n 
I 
9° 
(eo) 


| 
— 25:9) 
25°7 
25°6 
25°5 | 
25°4 
25:2 | 


—25°6 | 
25'5 
25°4 
25:2 
255 
25:0 


AO MIDAR WNODIA RBNHOIK FENG OAYW- 
Ne} 
Ne} 


CY ARWN 
YNRU AX 


= 2 50 
25:0 | 
24°9 | 
24°8 
24°7 | 
24°6 | 


—24°9 
24'8 
24°6 | 
24°5 
24°4 
243 


NU CONN %O NNOW DH 


—24°5 | 
24:3 
24°1 
23°9 | 
23°7 
23°6 | 


—24'2 
24:0 
23°8 
23°7 
23°5 | 
233 


CNIANA GCWABGNA GUIAGA 
NWWA LHL MAA NDWDW NIN COM) \O 


8 
8- 
7 
7 
6 
6 
6 
5 
5 
5 
4 
4 
4 
3 
3 
2 
2 


AHnNornvwo 
ArIGKHwWU 


£ 


~23°4, 
23:2 | 
23°1 | 
23:0 | 
22°8 
22:7 


—23°2 
23-0 
22°8 
22°7 
22°6 
22°4 


OOnR HN 
ROHN ON 
0D DODD00 MD MHMMMOI YAIYIYANY ADDAAA ADaAUAH UNUHAAA PERWWW 


NY AUWNHS YADHKNGHO ADANUEWDN 


—22°6 | 
22°4 | 
I0'0 22°3 
222) 
10-2 22°1 
TO"3) 22:0 


2 
No} 


DODD D000 MMH WMHMHOIY YANYIAIYAD ADAAAAA AUUUUAN UNUUVAKREA BPWWWUW 
NUAN BNHOANDR NWHOADH URWNOS . Ww 56 4 ’ 


Land 
© 
wo 
OCOARNWED NYMOHNA 


Pf 3 OF ORONS: 
4H OAN 4 


+10°4 —21'9 
IO°5 21-8 
106) ar-7 
LOr7e 276601 
10°83) ars 

13:2 I0'9 21-4 


Mm MAMMA aN NDNNNDNW DWDANIANINN NAN WOWOAM WADWMDMODOMO HOWWOWM 


Ww RU Ar wo 


| | 
| + 3:1 —28-7| —13:0 +11-0 —213 


Additional corrections for temperature and pressure are given on the following page. 
For bubble sextant observations ignore dip and use the star corrections for Sun, planets, and stars. 
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ALTITUDE CORRECTION TABLES—ADDITIONAL CORRECTIONS 
ADDITIONAL REFRACTION CORRECTIONS FOR NON-STANDARD CONDITIONS 


Temperature 


+10° 20° = 30°, goss §0°.—s GOs 70°: 80° 90° 100°F. 


ie opatand Sa, Ir [tel se laep ela ie ae l= oa mer lee [ese 
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10S0 1 31-0 


: 1030}- ale ae | si 30°5 7 
= Ae? Bae | ya Sian Ge cs Mt 8 Sie © 30:0 = 
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The graph is entered with arguments temperature and pressure to find a zone letter; using as arguments 
this zone letter and apparent altitude (sextant altitude corrected for dip), a correction is taken from the table. 
This correction is to be applied to the sextant altitude in addition to the corrections for standard conditions 
(for the Sun, planets and stars from the inside front cover and for the Moon from the inside back cover). 
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1975 MAY 25, 26, 27 (SUN., MON., TUES.) 


G.HA. G.H.A. G.HA. Name 
d ° 
25 00 22.6 N24 572 238 47. ASO) 227 20.7 N 4 59.3 134 24.1 N22 20.6 Acamar 
22.1 56.9 | 253 48.2 242 22.7 59.5 | 149 26.2 20.5 |Achernar 
21.6 56.5 | 268 49.0 257 24.7 59.7 | 164 28.4 20.5 | Acrux 
21.1 ++ 56.2 | 283 49.7 -- 272 26.7 59.9 1179 30.6 -+ 20.5 |Adhara 
20.6 55.8 | 298 50.5 287 28.7 00.1 | 194 32.8 20.5 |Aldebaran 
20.1 55.5 | 313 51.2 302 30.7 00.3 | 209 34.9 20.4 
19.6 N24 55.1 | 328 52.0S 0 317 32.7 N 5 00.4 | 224 37.1 N22 20.4 |Alioth 
19.1 54.8 | 343 52.7 332 34.7 00.6 | 239 39.3 20.4 |Alkaid 
18.6 54.4 | 358 53.4 347 36.7 00.8 | 254 41.5 20.3 |Al No‘ir 
Ss WSs). 254215) 1375412. : 2 38.7 ++ 01.0 | 269 43.6 -+ 20.3 |Alnilam 
U 17.6 53.7] 28 54.9 17 40.7 01.2 | 284 45.8 20.3 |Alphard 
N 17.1 53.4] 43 55.7 32 42.7 01.4 | 299 48.0 20.3 
D 16.6 N24 53.0] 58 5645S 0 47 44.7.N 5 01.6 | 314 50.2 N22 20.2 |Alphecca 
A 16.1 52:71, 73) Svak 62 46.7 01.7 | 329 52.4 20.2 |Alpheratz 
Y 15:7) 52.3 | 88 57.9 77 48.7 01.9 | 344 54.5 20.2 | Altair 
15.2 ++ 52.0] 103 586 -- 92 50.7 ++ 02.1 | 359 56.7 ++ 20.2 |Ankaa 
14.7 51.6 | 118 59.4 LO7e 52:7 02.3] 14 58.9 20.1 |Antores 
14.2 51.3 | 134 00.1 122 54.7 02.5} 30 01.1 20.1 
13.7 N24 50.9 | 149 00.9 S 137 56.7 .N 5 02.7] 45 03.2 N22 20.1 |Arcturus 
13.2 50.5 | 164 01.6 152 58.7 02.9} 60 05.4 20.0 | Atria 
dee 50.2 | 179 02.3 168 00.7 03.0} 75 07.6 20.0 | Avior 
12.3 49.8 | 194 03.1 -- 183 02.7 -- 03.2] 90 09.8 -- 20.0 |Bellatrix 
11.8 49.5 | 209 03.8 198 04.7 03.4} 105 11.9 Betelgeuse 
Le 49.1 | 224 04:6 213 06.7 03.6 | 120 14.1 19.9 
26 00 10.8 N24 16.3 N22 Canopus 
10.3 18.5 Capella 
09.8 20.6 Deneb 
09.4 -- 22.8 -: Denebola 
08.9 25.0 Diphda 
08.4 27.2 
07.9 N24 29.3 N22 Dubhe 
07.5 31r5: Elnath 
07.0 33:7 Eltanin 
M 06.5 - 35.9 -: Enif 
ce) 06.0 38.0 Fomalhaut 
N 05.6 40.2 
D 05.1 N24 42.4 N22 Gacrux 
A 04.6 44.6 Gienah 
vf 04.1 46.7 Hadar 
03.7 -: 48.9 -- Hamal 
03.2 51.1 Kaus Aust. 
02.7 §3'3 
02.3 N24 55.4 N22 Kochab 
01.8 57.6 Markab 
01.3 59.8 Menkar 
00.9 -- 01.9 -- Menkent 
00.4 04.1 Miaplacidus 
59.9 06.3 
27 00 59.5 N24 08.5 N22 Mirfak 
59.0 10.6 Nunki 
58.5 12.8 Peacock 
58:1. = 15.0 -: Pollux 
57.6 17.2 Procyon 
57.2 19.3 
56.7 N24 21.5 N22 Rasalhague 
56.2 23.7 Regulus 
T 55.8 25.8 Rigel 
y Cele) 6 28.0 -- Rigil Kent 
54.9 30.2 Sabik 
: 54.4 32.4 
D 54.0 N24 34.5 N22 Schedar 
A 53.5 36.7 Shaula 
Y 53.1 38.9 Sirius 
52.0: AUT ox Spica 
52.1 43.2 Suhail 
Cys 45.4 
51.2 N24 47.6 N22 Vega 
50.8 49.7 Zuben’‘ubi 
50.3 51.9 
49.9 +> 54.1 +: 
49.5 56.2 Venus 
49.0 58.4 Mars 
Jupiter 
Mer. Pass. 0.0 | Saturn 


S.HA. 


315 40.4 
335 48.4 
173 40.9 
255 35.3 
291 22.5 


166 
153 

28 
276 
218 


45.3 
20.9 
19.4 
15.7 
24.2 


126 
358 

62 
353 
113 


34.8 
13.2 
35.8 
44.0 
00.9 


146 
108 
234 
279 
271 


21.5 
27.9 
30.0 
03.0 
32.5 


264 
281 

49 
183 
349 


09.3 
17 
50.7 
02.6 
24.7 


194 
278 
90 
34 
15 


26.4 
49.1 
58.9 
15.1 
55.5 


172 
176 
149 
328 

84 


32.5 
21.5 
27.9 
33.3 
21.3 


137 

14 
314 
148 
221 


17.7 
06.8 
45.2 
40.9 
46.0 


309 
76 
54 

244 

245 


21.8 
33.4 
03.8 
02.8 
29.8 


96 
208 
281 
140 
102 


326 
13.9 
39.8 
30.1 
44.9 


350 

97 
258 
159 
223 


1335 
00.3 
59.2 
01.1 
13.6 


80 57.9 
137 36.7 


S.H.A. 


’ 


250 14.2 
356 08.7 
345 12.1 
252 19.6 


Dec. 


$40 24.1 
$57 21.5 
$62 58.1 
6.5 
7.6 


$52 41.2 
N45 58.4 
N45 11.4 
N14 42.5 
$18 07.2 


N61 53.2 
N28 35.2 
N51 29.4 
N 9 45.7 
$29 45.0 


$56 58.9 
S17 24.6 


N28 05.2 
N 5 17.2 


N12 34.6 
N12 05.2 


8 46 
14 57 
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1975 MAY 25, 26, 27 (SUN., MON., TUES.) 


Twilight 
Nout. Civil 
h 


180 48.4 N20 47.7 6.9 S20 14.7 
195 48.4 48.2 .2 7. 20 188 
210 48.3 48.7 2 69 20 228 
225 48.2 -- 49.1 1 7.0 20 266 
240 48.2 49.6 1 69 20 30.3 
255 48.1 50.0 0 7.0 20 33.9 


270 48.1 N20 50.5 0 69 S20 37.4 
285 48.0 4 9 7.0 20 40.7 
300 48.0 a 9 69 

09] 315 47.9 -- fs 8 7.0 
330 47.8 3 | 148 23.8 7.0 
345 47.8 8] 162 49.8 7.0 


0 47.7 N20 53.2 | 177 15.8 7.0 
15 47.7 741191 41.8 7.0 
30 47.6 -1| 206 07.8 7.0 
45 47.5 -- 6 | 220 33.8 7.1 
60 47.5 0 | 234 59.9 7.0 
75 47.4 4 25.9 


90 47.4.N20 55. 52.0 
105 47.3 . 18.1 
120 47.2 H 44.3 
L35747-2 = P 10.4 
150 47.1 4 36.6 
165 47.1 ’ 02.8 


180 47.0 N20 
195 46.9 
210 46.9 20 
225 46.8 21 
240 46.7 
255 46.7 
270 46.6 N21 
285 46.6 
300 46.5 
46.4 -- 
46.4 
46.3 


wn 2 2 
SBFEVS GSERSSS oSSSRE SERVERS SELES 


nn 


90 45.8 N21 
105 45.8 
120 45.7 
135 45.7 -- 
150 45.6 
165 45.5 


180 45.5 N21 
195 45.4 
210 45.3 
225 45.3 -: 
240 45.2 
255 45.1 
270 45.0 N21 
285 45.0 
300 44.9 
315 44.8 -- 
330 44.8 
345 44.7 
0 44.6 N21 
15 44.6 
30 44.5 
45 44.4 -- 
60 44.4 
75 44.3 
90 44.2 N21 
ed ot Eqn. of Time 
: i 379) 3 43 56. 5 ‘A 
135 44.0 -- 18. B 9: 4 56. 00 12 
150 43.9 
165 43.9 
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1975 MAY 31, JUNE 1, 2 (SAT., SUN., MON.) 


ec. G.HA. 2 G.H.A. ec. G.HA. fe Name S.H.A. Dec. 
31 00 ; 18.6 N23 57.7 240 348 N 4 232 10.1 N 5 25.4 139 36.7 N22 163 Acamar 315 40.4 $40 24.1 
18.2 57.2 H 0 | 247 12.2 25.6 | 154 38.8 16.3 | Achernar 335 48.4 S57 21.4 


17.8 56.7 : 7 | 262 14.2 25.8 | 169 41.0 16.3 | Acrux 173 40.9 S62 58.2 
LU ee Cite Le | es 41277 16.2 ++ 25.9 | 184 43.1 ++ 16.2 |Adhara 255 35.3 S28 56.5 
17.1 55.8 é 292 18.2 26.11 199 45.3 16.2 |Aldeboran 291 22.5 N16 27.6 
16.7 55.3 : 307 20.2 26.3 | 214 47.5 16.2 


16.3 N23 54.8 : -6 | 322 22.3.N 5 26.5 | 229 49.6 N22 16.2 Alioth 166 45.3 N56 05.7 
15.9 54.3 : 3 | 337 24.3 26.7 | 244 51.8 16.1 | Alkaid 153 21.0 N49 26.2 
15.6 53.8 H -1 | 352 26.3 26.8 | 259 54.0 16.1 {Al No‘ir 28 194 S47 04.5 
NE? Ou LES) ASQ : 7 28.3 ++ 27.0] 274 56.1 ++ 16.1 |Alnilam 276 15.6 S 1 13.1 
14.8 52.8 : 22 30.3 27.2 | 289 58.3 16.0 |Alphard 218 24.2 S 8 33.3 
14.4 523 : 37 32.4 27.4 | 305 00.5 16.0 


14.0 N23 51.8 d 7 52 34.4.N 5 27.5 | 320 02.6 N22 16.0 |Alphecca 126 34.8 N26 47.8 
13.7 51.3 : H 67 36.4 27.7 | 335 04.8 15.9 |Alpheratz 358 13.2 N28 57.2 
13.3 50.8 ; : 82 38.4 27.9 | 350 06.9 15.9 |Altair 62 35.8 N 8 48.2 
12.9 -- 50.4 Bs : 97 40:5s ei 528.1 09.1 ++ 15.9 |Ankao 353 44.0 S42 26.1 
12.5 49.9 ‘ 9} 112 42.5 28.2 11,3 15.8 | Antares 113 00.9 S26 22.7 
12.2 49.4 d -6 | 127 44.5 28.4 13.4 15.8 


11.8 N23 48.9 ; 4] 142 46.5.N 5 28.6 15.6 N22 15.8 |Arcturus 146 21.5 N19 18.6 
11.4 48.4 : .1] 157 48.5 28.8 17.8 15.8 | Atria 108 27.8 S68 59.1 
11.1 47.9 f .8 | 172 50.6 28.9 19.9 15.7 | Avior 234 30.1 S59 26.2 
10.7 ++ 47.4 16 >> 36.5] 187 52.6 -+ 29.1 22.1 ++ 15.7 |Bellatrix 279 02.9 N 6 19.6 
10.3 46.8 : 3 | 202 54.6 29.3 24.2 15.7 |Betelgeuse 271 32.5 .N 7 24.1 
10.0 46.3 : .0 | 217 56.6 29.5 26.4 15.6 

] 00 d 09.6 N23 45. { ; i 28.6 N22 15.6 |Canopus 264 09.3 $52 41.1 
09.2 : { i : 4 30.7 15.6 | Capella 281 17.1 N45 58.4 
08.9 : : : : : 32.9 15.5 |Deneb 49 50.7 N45 11.4 
08.5 -- 44. ++ 40. 7 ++ 30. 35.1 ++ 15.5|Denebola 183 02.6 N14 42.5 
08.1 : ; 4 : 37.2 15.5 | Diphda 349 24.7 $18 07.2 
07.8 : ! : ' 39.4 15.4 


07.4 N23 42. : : ! ; 41.5 N22 15.4 |Dubhe 194 26.5 N61 53.2 
07.1 : f : : : 43.7 15.4 |Elnath 278 49.1 N28 35.2 


<~rPomcCca4ypuN 


: 06.7 : : : ; : 45.9 15.3 |Eltanin 90 58.9 N51 29.4 
s ‘ 06.3 ++ 41. 6 ++ 45. Gam 4310 48.0 -- 15.3 |Enif 34 15.0 N 9 45.7, 
U : 06.0 f ; : : : 50.2 15.3 |Fomalhaut 15 55.4 $29 44.9 
N \ 05.6 E : : E : 52.3 15.2 


D 12 05.3 N23. 39. 54.5.N22 15.2 |Gacrux —«-172 32.5 $56 58.9 
A 3 04.9 567 152{|Giench —«:176 21.5 S17 246 
Y ; 04.6 ; 588 15.2 |Hador 149 27.9 S60 15.6 
04.2 -+ 38. pe 49. % O1:6."--2*18:14 Hamat 328 33.3 N23 20.7 
03.9 03.2 15.1 |Kaus Aust. 84 21.2 $34 23.7 
03.5 053 151 
03.2 N23 36. 07.5.N22 15.0 |Kochab «137 17.7 N74.15.5 
02.8 09.6 15.0 |Markab 14 06.8 N15 043 
025 : 118  15.0|Menkor 314 45.2 N 3 596 
021 -: ens cS 14.0 -- 14.9|Menkent 148 40.9 $36 15.2 
018 : 16.1 14.9 |Miaplacidus 221 46.1 569 37.4 
01.4 183 149 
2 00 01.1 N23 33. i 472N5 338 20.4 N22 14.8 |Mirfak 309 21.7 N49 46.4 
00.7 ; 493 34.0 226 14.8 |Nunki 76 33.3 $26 19.6 
00.4 $13 34.1 248  148|Peacock 54 03.7 $56 48.6 
00.0 -- 31. ote 53916 343 26.9 ++ 14,7 [Pollux 244 02.8 N28 05.2 
59.7 554 345 29.1 14.7 |Procyon 245 29.8 N 5 17.2 
59.4 574 34.7 312 -147 
59.0 N23 30. 59.4N 5 34.8 33.4.N22 14.6 |Rasalhague 96 32.6 N12 34.6 
58.7 014 35.0 35.6  146|Regulus 208 13.9 N12 052 
58.4 035 35.2 377 ¥1a6 IRigel 281 39.8 S 8 139 
M 58.0 -- 28. Yeow 055 -» 354 39.9 -- 14.6 [Rigil Kent. 140 30.1 S60 44.2 
0 57.7 : 075 355 42.0 145 |Sabik 102 44.9 S15 417 
N 57.3 095 35.7 44.2 145 
D 57.0 N23 27. 11.6 N 5 35.9 46.4.N22 14.5 |Schedar 350 13.4 N56 24.0 
A 56.7 13.6 36.0 485 | 144 |Shaulo 97 00.2 $37 05.2 
Y 14] 100 25. 563 156° 362 50.7 14.4 |Sirius 258 59.2 $16 41.1 
115 27. SEO ares. aleve 177 +» 364 528 -- 144 |Spica 159 O11 S11 022 
130 30. 557 197 36.6 55.0 143 [Suhail 223 13.6 $43 203 
145 32. 55.4 217 36.7 571 143 
160 35. 55.0 N23 23. 23.7N 5 36.9 59.3 N22 14.3 |Vega 80 57.9 N38 45.6 
175 37. 54.7 258 37.1 01.5 | 142|Zuben'ubi 137 367 S15 565 
190 54.4 278 © 37.2 036 4©=«14.2 
205 42.4 54.0 ++ 22. Tre ak 298 -- 37.4 058 -+ 142 ae a koa 
220 44.8 53.7 319 37.6 07.9) 6141. |Venvs 243 18.1 15 12 
235 473 53.4 33.9 10.104, 5 141| Mor 352 013 7 56 


ie Jupiter 344 07.2 8 27 
Mer. Poss. 7 23.4 f : Saturn 251 37.1 14 36 
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1975 MAY 31, JUNE 1, 2 (SAT., SUN., MON.) 


Twilight Moonrise 
N ; 
= aa tet | Nout. Civil 


G.H.A. 


Dec. 


3] 00] 180 38.1.N21 47.6 

195 38.0 47.9 
210 37.9 48.3 
225 37.8 ++ 487 


, , 


289 46.4 14.5 $10 
304 19.9 145 10 
318 53.4 145 10 
333 26.9 146 10 


04} 240 37.7 49.0 | 348 00.5 14.7 10 
05] 255 37.6 49.4] 2342146 9 
06] 270 37.6N21 49.8] 17 07.8 148 S 9 


285 37.5 50.1 | 31 41.6 147 
300 37.4 50.5 | 46 15.3 149 
315 37.3 ++ 50.9] 60 49.2 148 
330 37.2 51.2] 75 23.0 149 
345 37.1 51.6] 89 56.9 15.0 
0 37.0 N21 51.9 | 104 30.9 14.9 S 
15 36.9 52.3 | 119 04.8 15.0 
30 36.9 52.7. | 133) 38:8 15:1 
45 36.8 ++ 53.0}148 12.9 151 
60 36.7 53.4 | 162 47.0 15.1 
75 36.6 53.7p | LI g2k Ue 1s.2 
90 36.5N21 54.1] 191 55.3 15.2 S 
105 36.4 54.5 | 206 29.5 15.2 
120 36.3 54.8 | 221 03.7 15.3 
1358 36:2) = 00'55,2611235 23810 15.3 
36.1 55.5 | 250 12.3 15.3 
36.0 55.9 | 264 46.6 


36.0 N21 
195 35.9 56.6 
210 35.8 56.9 
Zeneca =: Sys 
240 35.6 57.6 
255+35:9 58.0 


270 35.4 N21 58.3 
285 35.3 58.7 
300 35.2 59.0 
ENS EES omit i) 
330 35.0 21 59.7 
345 34.9 22 00.1 


0 34.8 N22 00.4 
15 34.8 00.8 
30 34.7 01.1 
45 34.6 -- 01.5 
60 34.5 01.8 
75 34.4 02.1 


90 34.3 N22 02.5 
105 34.2 02.8 
120 34.1 03.2 
135 34.0 ++ 03.5 
33.9 
33.8 


33.7 N22 
195 33.6 04.8 


Twilight 
Civil Nout. 


12.6 
283 47.4 15.9 


210 335 05.2} 298 22.3 158 
225 33.4 ++ 05.5] 312 57.1 159 
240 33.3 05.9 | 327 32.0 15.9 
255 33.2 06.2 | 342 06.9 158 
270 33.1 N22 06.5 | 356 41.7 15.9 S 
285 33.0 06.9] 11 16.6 159 
300 32.9 07.2] 25 51.5 15.9 
315 32.9 -- 07.5] 40 26.4 159 
330 32.8 07.9] 55 013 159 
345 32.7  08.2| 69 36.2 15.9 

0 32.6N22 08.5] 84 11.1 15.9 S 
15 32.5 088] 98 46.0 158 


113 20.8 15.9 S 
127 55.7 15.9 N 


30 32.4 09.2 
455 32.3, 2 09:5 


60 32.2 09.8 | 142 30.6 15.9 
75 32.1 10.1] 157 05.5 15.8 

90 32.0 N22 10.5|171 40.3 15.9 N 43 

105 31.9 108/186 15.2 159 49.6 10.8 54. ; : 

120318  11.1/200 50.1 158 1 00.4 108 54.3 Eqn.of time Mer ee 
135 31.7 -+ 11.4] 215 24.9 158 11.2 10.8 54.3 00 12 Ur per Lower 
150 31.6 11.8 | 229 59.7 159 22.0 10.8 54.3 


RRR OO COC OCS OOORP KH FEN NNNINNYWWWW WHEEL BUUUUUE UARAKRS ONAN NDWDODDOD wWowowovo 


165 31.5 12.1 | 244 34.6 15.8 


SD 158s 903) S:D, 14:8 14.8 14.8 
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118 1O7OMUINE 2 alis) a4 eGiUR Sra GRigeoAle) 


VENUS MARS — +0.8 | JUPITER SATURN +0.4 


G.H.A GHA Dec Nome SHA Dec 


d h ° , ° ‘ ° , ° , ° , ° , ° , ° , ° , ° t ° , 
12 00) 259 42.0 | 131 06.2 N21 02.9 | 244 12.2 N 4 47.9 | 241 58.0 N 6 13.1 | 149 56.7 N22 06.6 |Acamar 315 40.3 $40 24.0 
01] 274 44.5 | 146 06.1 02.2 | 259 13.0 48.6 | 257 00.1 13.3 | 164 58.8 06.6 |Achernar 335 48.3 S57 21.4 
02] 289 46.9 | 161 06.0 01.5 | 274 13.8 49.3 | 272 02.2 13.4 | 180 01.0 06.6 |Acrux 173 41.0 S62 58.2 
03| 304 49.4] 176 05.9 -- 00.8] 289 14.5 -- 50.0 | 287 04.2 -- 13.6)195 03.1 -- 06.5 |Adhara 255° 35,3" 928) 56:5 
04] 319 51.9] 191 05.8 21 00.1 | 304 153 50.7 | 302 06.3 13.7 | 210 05.2 06.5 |Aldebaran 291 22.4 N16 27.6 
05] 334 54.3 | 206 05.7 20 59.3 | 319 16.0 51.4 | 317 08.4 13.9 | 225 07.4 06.4 
06] 349 56.8 | 221 05.6 N20 58.6 | 334 16.8 N 4 52.1 | 332 10.4.N 6 14.0 | 240 09.5 N22 06.4 |Alioth 166 45.4 N56 05.7 
07 4 59.3 | 236 05.5 57.9 | 349 17.6 52.8 | 347 12.5 DAZ pe OD Wl 06.4 |Alkaid 153 21.0 N49 26.3 
08} 20 01.7 | 251 05.4 57.2 4 183 53:5 2 14.6 14.3 | 270 13.8 06.3 |Al No’ir 28 19.2 S47 04.5 
09} 35 04.2 | 266 05.3 -- 564] 1919.1 -- 54.2} 17 16.6 -- 145) 285 16.0 -- 06.3 |Alnilam 276-15. Osa) 13e) 
10} 50 06.6 | 281 05.3 55.7 | 34)19)8 54.9 | 32 18.7 14.6 | 300 18.1 06.3 |Alphard 2182425 SN8 3313 


65 09.1 | 296 05.2 55.0} 49 20.6 55.6} 47 20.8 14.8 | 315 20.2 06.2 


<pounncin 
— 
it) 


80 11.6 | 311 05.1 N20 54.3) 64 21.4N 4 56.3] 62 22.8N 6 15.0 | 330 22.4. N22 06.2 |Alphecca 126 34.8 N26 47.9 
13] 95 14.0 | 326 05.0 53.5 | 79 22.1 57.0| 77 24.9 15.1 | 345 24.5 06.1 |Alpheratz 358 13.1 N28 57.2 
14] 110 16.5 | 341 04.9 52.8 | 94 22.9 57.7| 92 27.0 15.3| 0 267 06.1 | Altair 62 35.7 N 8 48.2 
151125 19.0] 356 04.8 -- 521/109 23.7 -- 584|107 29.0 -- 15.4] 15 288 -- 061 |Ankoo 353 43.9 S42 26.1 
16] 140 21.4] 11 04.7 51.3] 124 24.4 59.1 | 122 31.1 15.6 | 30 30.9 06.0 |Antares 113 00.9 $26 22.7 
17} 155 23.9| 26 04.6 50.6 |139 25.2 4 59.8|137 33.2 15.7| 45 33.1 06.0 
18] 170 26.4! 41 04.5 N20 49.9} 154 259 N 5 00.5|152 35.2N 6 15.9 | 60 35.2 N22 06.0 [Arcturus 146 215 N19 18.6 
19/185 28.8) 56 045 49.2 | 169 26.7 01.2 | 167 37.3 16.0] 75 37.4 05.9 |Atria 108 27.8 S68 59.1 
20] 200 31.3| 71 04.4 48.4 | 184 27.5 01.9 | 182 39.4 16.2| 90 39.5 05.9 |Avior 234 30.1 $59 261 
21] 215 33.8) 86 04.3 -- 47.7|199 28.2 -- 02.6)197 41.4 -- 16.3) 105 41.6 -- 05.9 |Bellatrix 279 02.9 N 6 19.6 
ee 230 36.2101 04.2 47.0 | 214 29.0 03.3 | 212 43.5 16.5 |120 43.8 05.8. |Betelgeuse 271 325 .N7 241 


245 38.7 | 116 04.1 46.2 | 229 29.7 04.0 | 227 45.6 16.6 | 135 45.9 05.8 


[3 00] 260 41.1) 131 04.1 N20 45.5 | 244 30.5N 5 04.7 | 242 47.6N 6 168/150 48.1 N22 057 |Conopus 264 09.3 $52 41.1 
O01] 275 43.6/146 040 448/259 313 05.4] 257 49.7 16.9) 165 50.2 05.7 |Capella —-281:17.1 N45 58.4 
02) 290 46.1) 161 03.9  44.0/274 320 061/272 518 17.1]/180524 05.7 |Deneb 49 50.6 N45 11.5 
03] 305 48.5} 176 03.8 -- 43.3 | 289 32.8 -- 06.8) 287 53.8 -: 17.2)195 545 -- 05.6|Denebola 183 02.7 N14 42.5 
04] 320 51.0/191 03.8 42.6 | 304 33.6 «= 07.5] 302 55.9 17.4 210 56.6 — 05.6 |Diphda 349 24.6 S18 07.1 
05] 335 53.5/206 03.7 41.8 /319 343 08.2] 317 58.0 175/225 588 05.6 
06] 350 55.9 | 221 03.6 N20 41.1 | 334 35.1 N 5 08.9 | 333 00.0N 6 17.7 | 241 00.9 N22 05.5 |Dubhe 194 26.6 N61 53.2 
O07} 5 584/236 03.5 40.3) 349 358 09.6/348 02.1 17.9] 256 03.1 —05.5 |Elnath 278 49.0 N28 35.2 
08] 21 00.9|251 035 39.6) 4366 103] 304.2 180/271 05.2 05.4 |Eltanin 90 58.8 N51 29.5 

F 09) 36 03.3|266 03.4 -- 38.9] 19374 -- 11.0] 18 06.3 -- 18.2) 286 07.3 -- 05.4 |Enif 34 14.9 .N 9 45.8 

R 10| 51 05.8}281 03.3 381) 34381 1217) 33083 183/301 09.5 05.4 |Fomalhout 15 55.3 $29 44.9 

| 11] 66 08.3|296 033 374] 49389 124] 48104 185]316116 053 

D 12} 81 10.7) 311 03.2 N20 36.6] 64 39.6N 5 13.1| 63 12.5N 6 18.6 | 331 13.8 N22 05.3 |Gacrux 172 32.6 $56 58.9 

A 13) 96 13.2/326 03.1 35.9] 79404 138] 78145 188/346 15.9 05.3 |Gienah 176 21.6 S17 24.6 

Y 14/111 15.6|341 03.1 35.1 | 9441.2 145] 93166 189] 1180 05.2 |Hadar 149 28.0 S60 15.6 
15] 126 18.1 | 356 03.0 -- 344/109 41.9 -- 15.2|108 187 -- 19.1] 16 20.2 -- 05.2 |Hamol 328 33.2 N23 20.7 
16]141 20.6] 1103.0 33.7124 427 15.9|123 208 19.2] 31 22.3 05.1 |Kaus Aust. 84 21.2 $34 23.7 
17} 156 23.0] 2602.9 329/139 435 166/138 228 19.4] 46245 05.1 
18/171 25.5| 41 02.8N20 32.2 |154 44.2.N 5 173/153 249N 619.5) 61 26.6 N22 05.1 |Kochab 137 17.9 N74 15.5 
19/186 28.0| 56028 31.4/16945.0 180/168 27.0 197) 76 287 05.0 |Markab 14 06.7 N15 04.4 
20] 201 30.4] 7102.7 30.7|184 457 187/183 29.0 19.8} 91 30.9 05.0 |Menkar 314 45.1 N 3 59.6 
21] 216 32.9| 86 02.7 -- 29.9|199 46.5 -- 19.4/198 31.1 -- 20.0/106 33.0 -- 05.0 |Menkent 148 41.0 $36 15.2 
22] 231 35.4|101 02.6 = 29.2 | 214 47.3 20.1 | 213 33.2 = 20.1} 121 35.2 04.9 |Miaplacidus 221 46.2 $69 37.4 
23| 246 37.8|116 02.6 —28.4/229 48.0 20.8} 228 35.3 20.3] 136 37.3 04.9 | 

14 00] 261 40.3] 131 02.5 N20 27.7 [244 48.8N 5 21.5 | 243 37.3.N 6 20.4/ 151 39.4.N22 04.8 |Mirfok 309 21.7 N49 46.4 
01] 276 42.8) 146 025  26.9/ 259 49.6 22.2 | 258 39.4 =. 20.6 | 166 41.6 ~— 04.8 | Nunki 76 33.2 $26 19.6 
02] 291 45.2| 161 02.4 26.2 | 274 50.3 22.9] 273 415 20.7 | 181 43.7 — 04.8 | Peacock 54 03.6 $56 48.6 
03] 306 47.7] 176 02.4 -- 25.4|289 51.1 -- 23.6 | 288 43.6 -- 20.9|196 45.9 -- 04.7 [Pollux 244 02.8 N28 05.2 


04] 321 50.1} 191 02.3 24.7 | 304 51.8 24.2 | 303 45.6 21.0 | 211 48.0 04.7 | Procyon 245 29.8 N 5 17.2 
05] 336 52.6 | 206 02.3 2359) 319) 52:6 24.9 | 318 47.7 Zlcnveeouo ul 04.7 


06} 351 55.1 | 221 02.2 N20 23.2 | 334 53.4.N 52.3 N22 04.6 |Rasalhague 96 32.6 N12 34.7 
07 6 57,5 | 236 02.2 22.4 | 349 54.1 26.3 | 348 51.8 21.5 | 256 54.4 04.6 |Regulus 208 13.9 N12 05.2 
08} 22 00.0} 251 02.1 = ANG 4 549 27.0 353.9) 21.6 | 271 56.6 04.5 |Rigel 281 39.8 S 8 138 
09} 37 02.5 | 266 02.1 +: 209} 1955.7 -- 27.7] 18 56.0 -- 21.8] 286 58.7 -- 04.5 |Rigil Kent. 140 30.1 S60 44.3 
10} 52 04.9 | 281 02.1 20.1} 34 56.4 28.45) 33) 581 21.9 | 302 00.8 04.5 |Sabik 102 44.9 S15 417 
11} 67 07.4 | 296 02.0 19.4 | 49 57.2 291 |) 4950071 Qe Led Ta 0320 04.4 
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82 09.9 | 311 02.0 N20 18.6| 64 58.0N 5 29.8| 64 02.2N 6 22.2 | 332 05.1.N22 04.4 |Schedar 350 13.3 N56 24.0 
13] 97 12.3|326019 179] 79587 305] 79043 224/347 07.3 04.4 |Shaula 97 00.2 $37 05.2 
14/112 14.8} 341 01.9 17.1] 9459.5 31.2] 94064 225) 209.4 04.3 {Sirius 258 59.2 $16 41.1 
15| 127 17.2| 356 01.9 ++ 16.4)110 00.2 -- 319/109 084 -- 22.7] 17115 -- 043 |Spico 159 01.1 $11 02.2 
16] 142 19.7] 1101.8  15.6]12501.0  326/12410.5 22.8) 32.137 04.2 |Suhail 223 13.7 $43 203 
17| 157 22.2] 2601.8 14.8/140018 333/139 126 23.0) 47158 042 
18] 172 24.6) 41 01.820 14.1] 155 02.5N 5 34.0|154 14.7.N 6 23.1| 62 17.9 N22 04.2 |Vego 80 57.8 N38 45.6 
19] 187 27.1} 56018 1331170033 347/169167 23.3| 77 20.1 04.1 |Zuben‘ubi_ 137 36.7 S15 565 
20] 202 29.6) 71 01.7 12.6)185 041  354,184188 23.4) 92222 041 Sa A 
21] 217 32.0] 86 01.7 -- 118/200 04.8 -- 361]199 209 -- 236]107 244 -- 041 fa ib aege 
22| 232 345/101 017  11.0/215 05.6 368/214 23.0  237]|122 265 04.0 |Venus 230 22.9 15 16 
23] 247 37.0116 01.6 10.3 | 230 06.3 «37.5229 25.1 _—-23.9| 137 28.6 04.0 | Mors 343 49.4 7 42 

aks Bice T Jupiter 342 06.5 7 48 


Mer. Pass. 6 36.2 O) ZO Gh ly? ime OSG OST Pa ah OP v 21 ad 0.0 |Saturn 250 06.9 13 55 


, ° 


180 06.5 N23 
195 06.3 
210 06.2 
225 06.1 :: 


04] 240 06.0 


255 05.8 


06) 270 05.7 N23 


<pouwmcia 


<>PQ-aAn 


<~powmcui3aypY 


285 05.6 
300 05.4 
3150533) i. 
330 05.2 
345 05.1 


0 04.9 N23 
15 04.8 
30 04.7 

04.5 -- 
04.4 
04.3 


04.2 N23 
04.0 
03.9 
03.8 --- 
03.6 
03.5 
03.4 N23 
03.3 
03.1 
03.0 -- 
02.9 
02.7 


02.6 N23 
02.5 
02.3 
02.2 -- 
02.1 
02.0 


01.8 N23 
01.7 
016 
01.4 -- 
01.3 
.01.2 
01.0 N23 
00.9 
00.8 
00.6 -- 
00.5 
00.4 


00.3 N23 
00.1 
00.0 
59.9 + 
59.7 
59.6 
59.5 N23 
59.3 
59.2 
59.1: 
58.9 
58.8 
58.7 N23 
58.5 
58.4 
58.3 -: 
58.1 
58.0 
57.9 N23 
104 57.7 
119 57.6 
134 57.5 -: 
149 57.4 
164 57.2 
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APPENDIX F: EXTRACTS FROM NAUTICAL ALMANAC 


STARS, 1975 JANUARY—JUNE 


Mag.) Name and Number cu ee: 

JAN. | FEB. | MAR. | APR. | MAY | JUNE JAN. | FEB. | MAR.| APR. | MAY | JUNE 
3:1 |y Urse Minoris + | 129 | 49°3 | 48-8 | 48-3 | 47-9 | 47°8 | 48-0] N. 71 | 55:0 | 55:0 | 55-0 | 55°1 | 55°3 | 55°5 
3:1 |y Trianguli Aust. | 130| 51°5 | 50-9 | 50°4 | 50:0 | 49°8 | 49°7 |] S. 68 | 35-1 | 35:1 | 35-2 | 35°3 | 35°5 | 35°6 
2:7 |B Libre 131 | 05:0 | 04:7 | 04°5 | 04:4 | 04:3 | 04:2 || S.. 9] 17°5 | 17°6 | 17°'7 | 17:7 | 17:7 | 17°6 
2°8 |B Lupi 135 | 46°5 | 46:2 | 45°9 | 45:7 | 45:6 | 45:6 || S. 43 | 01-9 | 02-0 | 02-1 | 02-2 | 02-3 | 02°3 
2:2 |B Urse Minoris 40 | 137] 19:2 | 18-6 | 18:0 | 17°7| 17°6 | 17°9 || N. 74] 15:1 | 15:0 | 15-1 | 15:2 | 15-4] 15°5 
2-9 |a Libre 39 | 137) 37°4 | 37:2 | 37:0 | 36:8 | 36-7 | 36-7 || S. 15 | 56-3 | 56-4 | 56°5 | 56°5 | 56:5 | 56°5 
2:6 | « Bootis 139 | O15 | O1-2 | O1-0 | 00-9 | 00°8 | 00-9 || N. 27 | 10-5 | 10°4] 10°4| 10°5§ | 10°6 | 10°7 
2-9 }a Lupi 139 | 55°9 | 55°5 | 55°3| 551 | 54°9 | 55-0 || S. 47 | 16°8 | 16-8 | 16-9] 17-0 | 17°1 | 17:2 
o-lr |a Centauri 38 | 140 | 31:2 | 30°8 | 30°5 | 30:2 | 30°1 | 30:2 || S. 60 | 43°7 | 43°8 | 43°9 | 44:0 | 44:2 | 44°73 
2°6 |7 Centauri 141 | 31:0 | 30°7 | 30°5 | 30°3 | 30-2 | 30-2 || S. 42 | 02°8 | 02-9 | 03:0 | 03°1 | 03°2 | 03°3 
3:0 |y Bootis 142 | 13:9 | 13°6 | 13-4 | 13:2 | 13:2 | 13-2 || N. 38 | 24°7 | 24:7 | 24:7 | 24-8 | 24°9 | 25:0 
0:2 |a Bootis 37 | 146 | 22-0 | 21-8 | 21°6 | 21°5 | 21°5 | 21°5 || N. 19 | 18:5 | 18-4] 18-4 | 18-5 | 18°5 | 18-6 
2:3 | 0 Centauri 36 | 148 | 41-6 | 41°3| 41-1 | 41-0] 40°9 | 41-0 || S. 36 | 14:8 | 14:9 | 15-0 | 15°1 | 15:2] 15:2 
o-9 |B Centauri 35 | 149 | 28-9 | 28:5 | 28-2 | 28-0 | 27-9 | 28-0 || S. 60 | 15:0] 15:1 | 15:2 | 15°4] 15°5 | 15°6 
3:1 | ¢ Centauri I§I | 301 | 29°8 | 29°5 | 29-4 | 29°3 | 29°4/| S. 47 | 09-8 | 09:9 | 10:0 | 10:2 | 10°3 | 10°3 
2:8 |7 Bootis ISI | 37°4 | 37'1 | 37:0 | 36°9 | 36-9 | 36:9 || N. 18 | 31-1 | 31°0 | 31-0 | 31-1 | 312 | 31-2 
1:9 |7 Urse Majoris 34 | 153) 21'5 | 21:2 | 21:0 | 20:9 | 20-9 | 21-0 || N. 49 | 25:9 | 25:9 | 25°9 | 26:0 | 26-2 | 26:3 
26 | « Centaurit 155 | 25:2 | 24°8 | 24-6 | 24-4 | 24:4 | 24°5 || S. §3 | 20-2 | 20°3 | 20°5 | 20°6 | 20:7 | 20°8 
1:2 |a Virginis 33 | 159 | O1-6 | O1-4 | OL-2 | OL-1 | OI-1 | OL-1 || S. TX | 02-0 | 02-1 | O21 | 02-2 | 02:2 | 02:2 
2:2 | € Urse Majoris 159 | 16°0| 15:7] 1§°5 | 1§°4| 15°4/ 15°6]| N. §§ | 02°9 | 02°9 | 03:0 | 031 | 03°3 | 03°4 
2-9 | « Centauri 160] 11°8 | 11-6 | 11-4! 11-3 | 11-3 | 11-3 || S. 36 | 34-8 | 34-9 | 35-0 | 35°1 | 35°2 | 35°3 
3°0 | « Virginis 164 | 45°7 | 45°5 | 45°4 | 45°3 | 45°3 | 45°4]/ N. 11 | 05-4 | 05-3 | 05°3 | 05°3 | 05°4 | 05°4 
2°9 |a Canum Venat. 166 | 16:8 | 16:6 | 16:4 | 16-4 | 16-4 | 16°5 || N. 38 | 26-8 | 26-8 | 26-9 | 27-0 | 27°1 | 27°1 
1-7 | € Urse Majoris 32 | 166) 45:8 | 45:4 | 45:2 | 45:2 | 45°3 | 45:4 || N. 56 | 05-3 | 05:3 | 05-4 | 05°5 | 05:7 | 05°7 
15 |B Crucis 168 | 25-7 | 253 | 25-1 | 25:0 | 25-1 | 25°3 || S. 59 | 33-0 | 33-1 | 33-3 | 33-4 | 33°6 | 33-7 
29 | y Virginis 169 | 53°8 | 53°6 | 53°4 | 53°4 | 53°4| 53°5 || S. 1] 18-9] 19-0] 19-0| 19-1 | 19:0 | 19°0 
2°4 | y Centauri 169 | 57°6 | 57°3 | 57:1 | 57:0 | 57-1 | 57:2,| S. 48 | 49°3 | 49°4 | 49°5 | 49°7 | 49°8 | 49°8 
2:9 |a Musce I7I | 041 | 03:7 | 03:4 | 03-3 | 03:5 | 03-7 || S. 68 | 59-7 | 59°8 | 60-0 | 60:2 | 60-3 | 60°4 
2°8 |B Corvi 171 | 43°5 | 43°3 | 43-2 | 431 | 43-2 | 43-2 || S. 23 | 15-6 | 15-7) 15°8| 15°9| 15:9 | 15°9 
1-6 | y Crucis 31 | 172 | 32-9 | 32:6 | 32-4 | 32-3 | 32-4 | 32°6 || S. 56 | 58-3 | 58-4) 58-6] 58-7 | 58-9 | 58-9 
I‘I |a Crucis 30 | 173] 41°4| 41-0 | 40°8 | 40-7 | 40-8 | 41-0 |S. 62 | 57°5 | 57°6 | 57°8 | 58:0 | 58:1 | 58:2 
2°8 |y Corvi 29 |176| 21-8 | 21:6 | 21°5 | 21-5 | 21-5 | 21:6 || S..17 | 24:3 | 24-4 | 24°5 , 24°5 | 24:6 | 24°6 
2:9 | 5 Centauri 178 | 13°6 | 13°3 | 13°2 | 13-2 | 13°3 | 13-4 || S. 50 | 34-9 | 35-1 | 35:2 | 35-4 | 35°5 | 35°5 
2°5 |y Urse Majoris 18I | $1°7 | 51-4 | 51-3 | 51°3 | 51-5 | 51-7 || N. 53 | 49°6 | 49°6 | 49-7 | 49:9 | 50-0 | 50-0 
2:2. |B Leonis 28 | 183 | 02°8 | 02-6 | 02°5 | 02°5 | 02°6 | 02:7 || N. 14 | 42:4 | 42-4 | 42°4 | 42:4 | 42°5 | 42°5 
26 | 5 Leonis 19X | 47°8 | 47°6 | 47°6 | 47:6 | 47-7 | 47°8 | N. 20 | 39-4 | 39-3 | 39-4 | 39°4 | 39°5 | 39°5 
3:2 |\% Urse Majoris 192 | 55'S | 55°3 | 552 | 55°3 | 55°4| 55°6 || N. 44 | 37°7 | 37°7 | 37°8 | 37°9 | 38:0 | 38:0 
2:0 |a Urse Majoris 27 | 194} 26-4 | 26-1 | 26:0 | 26:1 | 26:3 | 26-6 || N. 61 | 52:8 | §2°8 | 53:0 | §3‘I | §3°2 | 53:2 
2°4 |B Urs Majoris 194 | 54:2 | 54:0 | 53°9 | 54:0 | 54:2 | 54-4 || N. 56 | 30°6 | 30-7 | 30°8 | 30°9 | 31-0 | 31:0 
2°8 | Velorum 198 | 34:0 | 33:8 | 33:8 | 33:9 | 34:0 | 34:2 || S. 49 | 17:2 | 17-4 | 17:6 | 17°7 | 17°8 | 17°8 
3:0 | 6 Carine t 199 | 28:2 | 28:0 | 28-0 | 28-1 | 28-4 | 28:7 || S. 64] 15:7] 15-9 | 16-1 | 16:2 | 16:3 | 16°4 
2:3 |y Leonis 205 | 20°5 | 20-4 | 20-3 | 20-4 | 20°5 | 20-6 || N. 19 | 57-8 | 57°8 | 57°8 | 57°9 | 57°9 | 57'9 
1:3 |a Leonis 26 |208 | 13:8 | 13:7 | 13:7 | 13:7 | 13°8 | 13:9 || N. 12 | 05:2 | 05-1 | O51 | 05-1 | 05:2 | 05:2 
3°I1 | « Leonis 213 | §2°9 | §2°8 | §2°8 | 52°8 | 53:0} 53'1 || N. 23 | 53°1 | 53° | 53'2 | 53°2 | 53:2 | 53°3 
3:0 | N Velorum 217 | 22°3 | 22:2 | 22:3 | 22°5 | 22:7 | 23:0 || S. 56 | 55-4] 55°6| 55°8 | 55°9 | 56:0] 55°9 
2:2 |a Hydre 25 | 218 | 24:0 | 24:0 | 24:0 | 24:1 | 24:2 | 24:2 || S. 8 | 33-1 | 33:2 | 33°3 | 33:3 | 33°3 | 33°3 
2°6 |« Velorum 219 | 39°2 | 39°1 | 39-2 | 39-4 | 39°6 | 39°8 || S. $4 | 54:2 | 54:4] 54°6 | 54-7 | 54°7 | 54:7 
2:2 | « Carine 220 | 52:9 | §2°8 | 52-9 | 53-1 | 53-4] 53:7 || S. §9 | 10:2 | 10-4 | 10°6 | 10-7 | 10-7 | 10-7 
1:8 |B Carine 24 |221| 44°9 | 44°9 | 45°1 | 45°4 | 45°9 | 46-3 || S. 69 | 36:9 | 37°1 | 37:2 | 37°3 | 37°4 | 37°3 
2:2 |A Velorum 23 | 223 | 13:2 | 13'1 | 13:2 | 13-4 | 13°5 | 13:7 || S. 43 | 19:9 | 20-1 | 20-3 | 20-3 | 20-4 | 20°3 
3°1 | « Urse Majoris 225 | 36°6 | 36:6 | 36-6 | 36-8 | 37-0 | 37:1 || N. 48 | 08-2 | 08-3 | 08-3 | 08-4 | 08-4 | 08-4 
2-0 | 8 Velorum 228 | 59:0 | 59:0 | 59-1 | 59-4 | 59°6 | 59°8 || S. $4 | 37-0 | 37:2 | 37°4 | 37°5 | 37°5 | 37°4 
1-7 |e Carine 22 | 234| 29°I | 29-2 | 29-3 | 29-6 | 29°9 | 30:2 || S. §9 | 25-8 | 26-0} 26:1 | 26-2 | 26-2 | 261 
1-9 |y Velorum 237 | 47°9 | 47:9. | 48:0 | 48-2 | 48-4 | 48-6 || S. 47 | 15:9 | 16:0 | 16-1 | 16-2 | 16:2 | 16-1 
2:9 |p Puppis 238 | 22:2 | 22-2 | 22-3 | 22-4 | 22-5 | 22:6 || S. 24 | 14:0 | 14:2 | 14:2 | 14:3 | 14:3 | 14:2 
2-3 | Puppis 239 | 18:8 | 18:8 | 18-9 | 19-1 | 19:2| 19-4 || S. 39 | 56-1 | 56:2 | 56-3 | 56-4 | 56-4 | 56-3 
1:2 |B Geminorum 21 | 244| 02°5 | 02-4 | 02:5 | 02-7 | 02:8 | 02°8 || N. 28 | 05-1 | 05-1 | 05-1 | 05:2 | 05-2 | 05-2 
0°§ |a Canis Minoris 20 | 245 | 29°5 | 29-4 | 29°5 | 29-7 | 29°8 | 29°8 || N. § | 17:2 | 17:2] 17:2 | 17:2 | 17:2 | 17:2 


+ Not suitable for use with H.O. 214 (H.D. 486) 


FOR DETERMINING LATITUDE FROM SEXTANT ALTITUDE AND FOR AZIMUTH 


APPENDIX F: EXTRACTS FROM NAUTICAL ALMANAC 


POLARIS (POLE STAR) TABLES, 1975 


L.H.A.| 240°— | 250°— | 260°— | 270°— | 280°— | 290°- | 300°- | 310°- | 320°— | 330°- | 340° | 350°- 
ARIES|_249° | 259° | 269° | 279° | 289° | 299° | 309° | 319° | 329° | 339° | 349° | 359° 
ao ao a ao ao ao ao ao ao a ao a, 

oO I 43'8| 1 39:1 | 1 33:1 | 1 26-1/1 18-3 I 09:9 I orl } 52:3 © 43°6 O 35°4 0 27°9 6 21°3 

I 43°4 38°5 32°5 25°4 17°5 09°0) I 00:2 51°4 42°8 34°6 27°2| 20°7 

2 43°0 38:0 31°8 24°6 16:7 08:2] 0 59°4 50°5 419 33°8 26'5| 20-1 

3 42°5 37°4 31el 23°9 15°8 07°3 58°5 49°6 4'l 33°1 25°8| 19°6 

4 42°1 36°8 30°4 23°1 15:0 06:4 57:6 48:8 40°3 32:3 25'1 19:0 

5 I 41-6) I 36:2] 1 29°7) I 22°3/ 1 14:2] 1 05:5 | 0 56:7|0 47:9] 0 39°4| 0 31'5| 0 24'5 | 0 18°5 

6 4I‘1 35°6 29:0 21°5 13°33 04°7 55'°8 47:0 38-6 30°8 23°8 17'9 

7 40°6 35°0 28-3 20°7 12°5 03°8 54°9 46:2 37°38 30:0 23'2 17°4 

8 40'l| 344] 27:6] 199] 11:6] 02:9) 54:0) 45:3] 37:0] 29:3] 22°5] 16:9 

9 39°6 33°8 26°9 I9'I 10°8 02°0 532 44°5 36:2 28-6 21'9 16'4 

10 I 39°I | I 331 | § 26-1 | I 18-3] I 09°9/1 OI: | 0 52:3] 0 43°6/0 35:4] 0 27°9| 0 21'3/015'°9 
Lat. a, a, a, a, a, a, a, a, a, a, a, a, 
1) O'5 O-4 0-3 0:2 02 0:2 0-2 0-2 02 0-3 o-4 o-4 
10 5 ‘4 ‘4 3 3 ” 2 2 3 3 ‘4 5 
20 “Sy =) “4 “4 3 3 3 3 3 yet “4 5 
3o i) > ) “4 “4 “4 “4 “4 “4 “4 ) 8) 
40 0-6 O°5 05 0°5 05 0'5 0'5 O'5 0°5 0'5 05 06 
45 6 6 6 5 5 5 5 5 5 “5 6 6 
50 6 6 6 6 6 6 6 6 6 6 6 6 
62 O-7 o'7 0-8 0-8 08 0'9 0'9 08 0-8 0-8 O'7 o'7 
64 7 7 8 ‘9 o-9 o-9 o'9 o-9 ‘9 +8 8 7 
66 7 | 8 9 o:9 b azo) b axe) 5 re) 5 re) o'9 9 8 i 
68 O'7 0:8 o'9 1-0 5 re) I'l I'l I'l b re) o'9 0:9 0:8 
Month a, a, as a, a; a, a, a, Qa, a, a, a, 
Jan. 0-4 0-4 0-4 05 0'5 05 0-6 0°6 06 0-7 o-7 0-7 
Mar. 3 3 3 3 3 3 3 3 3 ‘4 ‘4 5 
Apr. O-4 O-4 03 03 03 0-2 0-2 Q:2 o-2 O73 03 03 
May 6 5 5 ‘4 3 i} 3 2 2 2 2 2 
July 08 o'8 0:8 O-7 06 0-6 0°5 0°5 0-4 0-4 03 03 
Oct. 0:8 0'8 o-9 0:9 o'9 0:9 0:9 0:9 0-9 o'9 0'9 0:8 
Nov. 6 oa 8 8 9 ‘9 b re) b exe) b ze) I-o b azo) b axe) 
Dec. 0-5 O'5 0:67 |) O27) 0-8 o'9 o-9 b axe) b azo) b axe) I'l I'l 

Lat. AZIMUTH 

0 05 0-6 0-7 0:8 0:8 0:8 0:8 0:8 0:8 0-7 0-6 05 
20 O's 06 O'7 0:8 o'9 0:9 o'9 *o-9 0'8 0:8 o'7 0'5 
40 0-6 o'7 o'9 1‘o I'l I'l I'l I'l b ae) 0:9 0:8 o'7 
50 o-7 o-9 b axe) 1:2 13 1-3 1-3 13 1-2 I'l bare) 0:8 
55 0:8 b ae) 1:2 13 Te: 1°5 1'5 14 1-4 13 Iv 0-9 
60 0-9 I'l 13 15 16 1-7 1-7 1-7 16 1-4 1-3 bare) 
65 Id 13 16 18 1'9 2:0 2'0 2:0 1:9 137, 15 12 


Latitude = Apparent altitude (corrected for refraction) — 1° + a + a, + a, 


The table is entered with L.H.A. Aries to determine the column to be used; each column refers to a 
range of 10°. a) is taken, with mental interpolation, from the upper table with the units of L.H.A. Aries in 
degrees as argument; a,, a, are taken, without interpolation, from the second and third tables with arguments 
latitude and month respectively. a), a,, a, are always positive. The final table gives the azimuth of Polaris. 
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CONVERSION OF ARC TO TIME 


] j 

0°-59° | 60°-119° | 120°-179° | 180°-239° | 240°-299° | 300°-359° 0’-00 | 0’-25 | 0’-50 | 0-75 
° ho om ° hom ° bon ° h om , m 8 m 8 mn 8 m 8 
o0|0 00] 60/ 4 00] 120! 8 00 300 | 20 00f 0/0 00/0 O1 | 0 02 | 0 03 
1]0 04] 61 | 4 04 | I21 8 04 301 | 20 04 I | 0 04 | 0 05 | 0 06 |0 07 
21008] 62] 4 08 | 122 8 08 302 | 20 08 2/008 |009/010 /o1r 
3|0 12 63 | 4 12 | 123 8 12 303 | 20 12 3|}912)/013|)0 14/0 1§ 
41016] 64) 4 16 | 124 8 16 304 | 20 16] 4/016]017/018 |o 19 
§|020] 65 | 4 20] 125} 8 20] 185 | 12 20 | 245 | 16 20 | 305 | 20 20] § | 0 20 | 0 21 | 0 22 | 0 23 
6|0 24] 66 | 4 24] 126 | 8 24 | 186 | 12 24 | 246 | 16 24 | 306 | 20 24] 6) 0 24/0 25 | 0 26 | 0 27 
7|0 28 67 | 4 28 | 127 8 28 | 187 | 12 28 | 247 | 16 28 | 307 | 20 28 7 | 0 28 | 0 29 | 0 30 | 0 31 
8 | 0 32] 68 | 4 32 | 128 | 8 32 | 188 | 12 32 | 248 | 16 32 | 308 | 20 32 | 8 | 0 32 | oO 33 | o 34 | 0 35 
9| 0° 36] 69 | 4 36] 129 | 8 36] 189 | 12 36 | 249 | 16 36 | 309 | 20 36] 9 | O 36 | oO 37/0 38 | 0 39 
10 | 0 40 | 70 | 4 40 | 130 | 8 40] 190 | 12 40 | 250 | 16 40 | 310 | 20 40 | 10 | O 40 | 0 41 | O 42 | 0 43 
Ii | 0 44 71 | 4 44] 131 8 44] 191 | 12 44 | 251 | 16 44 | 311 | 20 44] IT | O 44 | 0 45 | 0 46 |0 47 
12 | 0 48 72 | 4 48 | 132 8 48 | 192 | 12 48 | 2§2 | 16 48 | 312 | 20 48 | 12 | O 48 | 0 49 | 0 50 |0 §1 
13 | 9 52 | 73 | 4 52 | 133 | 8 52 | 193 | 12 52 | 253 | 16 52 | 313 | 20 52 | 13 | O 52 | 0 53 | 0 54 | 0 55 
14 | 0 56 74 | 4 56] 134 8 56 | 194 | 12 56 | 254 | 16 56 | 314 | 20 56 | 14 | 0 56 | 0 57 | 0 58 | 0 59 
1§ | 1 00] 75 | § 0O| 135 | 9 00] I9§ | 13 00 | 2§§ | 17 00 | 315 | 21 CO] 16 | I 00/1 OF | I O2 | 1 03 
16 | I 04 76 | 5 04 | 136 9 04 | 196 | 13 04 | 256 | 17 04 | 316 | 21 04 |] 16 | 1 04 | 1 05 | 1 06 | 1 07 
17 | 108] 77 | § 08 | 137 | 9 08 | 197 | 13 08 | 257 | 17 08 | 317 | 21 08 | 17 | 1 08 | 1 09 | 1 10 | 1 ir 
18 | 112 | 78 | 5 12 | 138 | 9 12 | 198 | 13 12 | 258 | 17 12 | 318 | 21 12 | 18 | 1 12 | 1 13 | t 14 | 1 15 
19/1 16] 79/5 16] 139 | 9 16 | 199 | 13 16 | 259 | 17 16] 319 | 21 16] 19 | 1 16 |2 17 | 1 18 |1 19 
20 | 1 20] 80 | 5 20] 140 | 9 20 | 200 | 13 20 | 260 | 17 20 | 320 | 21 20 | 20 | rt 20 | 1 21 | I 22 | 1 23 
21 | 124] 81 | 5 24] 141 | 9 24] 201 | 13 24 | 261 | 17 24 | 321 | 21 24] 2u | r 24 | r 25 | 1 26 | 1 27 
22 | 1 28 82 | 5 28 | 142 9 28 | 202 | 13 28 | 262 | 17 28 | 322 | 21 28 | 22 | 1 28 | r 29 | 1 30 | 1 31 
23 | 1 32] 83 | 5 32 | 143 | 9 32 | 203 | 13 32 | 263 | 17 32 | 323 | 21 32 | 23 | 1 32 |r 33 | 1 34 | 1 35 
24 | 1 36] 84 | 5 36 | 144 | 9 36 | 204 | 13 36 | 264 | 17 36 | 324 | 21 36 | 24 | 1 36 | 1 37 | 1 38 | 1 39 
25 |1 40] 85 | 5 40 | 145 | 9 40 | 205 | 13 40 | 265 | 17 40 | 325 | 21 40 | 25 | 1 4o | 1 41 | I 42 | 1 43 
26|1 44] 86 | 5 44] 146 | 9 44 | 206 | 13 44 | 266 | 17 44 | 326 | 21 44 |] 26 | 1 44 | 1 45 |1 46 |1 47 
27 | 1 48 87 | 5 48 | 147 9 48 | 207 | 13 48 | 267 | 17 48 | 327 | 21 48 | 27 | 1 48 | 1 49 | 1 50 |i §1 
28 | 1 52] 88 | 5 52 | 148 | 9 52 | 208 | 13 52 | 268 | 17 52 | 328 | 21 52 | 28 | 1 52 | 1 53 | 1 54 |1 55 
29 | 1 56] 89 | 5 56] 149 | 9 56 | 209 | 13 56 | 269 | 17 56 | 329 | 21 56} 29 | I 56 | 1 57 | 1 58 |1 59 
30 | 2 00 | 90 | 6 00 | IS0 | 10 00 | 2K0 | 14 00 | 270 | 18 00 | 330 | 22 00 | 30 | 2 00 | 2 oF |2 02 |2 03 
31 | 204] 91 | 6 04 | 161 | 10 04 | 211 | 14 04 | 271 | 18 04 | 331 | 22 04 | 31 | 2 04 | 2 05 | 2 06 |2 07 
32 | 2 08 | 92 | 6 08 | 152 | 10 08 | 212 | 14 08 | 272 | 18 08 | 332 | 22 08 | 32 | 2 08 | 2 09 | 2 10 | 2 IL 
33 | 2 12] 93 | 6 12 | 153 | 10 12 | 213 | 14 12 | 273 | 18 12 | 333 | 22 12 | 33 | 2 12 | 2 13 | 2 14 |2 15 
34 | 2 16 94 | 6 16 | 1§4 | 10 16 | 214 | 14 16 | 274 | 18 16 | 334 | 22 16 | 34 | 2 16 |2 17 | 2 18 |2 19 
35 | 2 20| 95 | 6 20 | 1§§ | 10 20 | 215 | 14 20 | 275 | 18 20 | 335 | 22 20 | 35 | 2 20 | 2 21 | 2 22 |2 23 
36 | 2 24 96 | 6 24 | 156 | 10 24 | 216 | 14 24 | 276 | 18 24 | 336 | 22 24 | 36 | 2 24 | 2 25 | 2 26 |2 27 
37 | 2 28 97 | 6 28 | 157 | 10 28 | 217 | 14 28 | 277 | 18 28 | 337 | 22 28 | 37 | 2 28 | 2 29 | 2 30 |2 31 
2 6 10 32 | 218 | 14 32 | 278 | 18 32 | 338 | 22 32 | 38 | 2 32 | 2 33 | 2 34 |2 35 

2 6 10 36 | 219 | 14 36 | 279 | 18 36 | 339 | 22 36 | 39 | 2 36 | 2 37 | 2 38 |2 39 

2 6 10 40 | 220 | 14 40 | 280 | 18 40 | 340 | 22 40 | 40 | 2 4o | 2 41 | 2 42 | 2 43 

2 6 10 44 | 221 | 14 44 | 281 | 18 44 | 341 | 22 44] 41 | 2 44 | 2 45 | 2 46 |2 47 

7) 6 10 48 | 222 | 14 48 | 282 | 18 48 | 342 | 22 48 | 42 | 2 48 | 2 49 | 2 50 |2 51 

2 6 IO 52 | 223 | 14 52 | 283 | 18 52 | 343 | 22 52 | 43 | 2 52 | 2 53 | 2 54 |2 55 

2 6 10 56 | 224 | 14 56 | 284 | 18 56 | 344 | 22 56 | 44 | 2 56 | 2 57 | 2 58 |2 59 

3 ay II 00 | 225 | 15 00 | 28§ | 19 00 | 345 | 23 00 | 4§ | 3 00 | 3 OF | 3 02 | 3 03 

3 7 II 04 | 226 | 15 04 | 286 | 19 04 | 346 | 23 04 | 46 | 3 04 | 3 05 | 3 06 | 3 07 

3 7 Ir 08 | 227 | 15 08 | 287 | 19 08 | 347 | 23 08 | 47 | 3 08 | 3 09 | 3 10 |3 11 

3 7 II 12 | 228 | 15 12 | 288 | 19 12 | 348 | 23 12 | 48 | 3 12 | 3 13 | 3 14 |3 15 

3 7 II 16 | 229 | 15 16 | 289 | 19 16 | 349 | 23 16 | 49 | 3 16 | 3.17 | 3 18 |3 19 

3 7 II 20 | 230 | 15 20 | 290 | 19 20 | 350 | 23 20 | S0 | 3 20 | 3 21 | 3 22 | 3 23 

3 af II 24 | 231 | 15 24 | 291 | 19 24 | 351 | 23 24 | 5I | 3 24 | 3 25 | 3 26 | 3 27 

3 a} II 28 | 232 | 15 28 | 292 | 19 28 | 352 | 23 28 | 52 | 3 28 | 3 29 | 3 30 | 3 31 

3 7 II 32 | 233 | 15 32 | 293 | 19 32 | 353 | 23 32 | 53 | 3 32 | 3 33 | 3 34 | 3 35 

3 7 II 36 | 234 | 15 36 | 294 | 19 36 | 354 | 23 36 | 54 | 3 36 | 3 37 | 3 38 |3 39 

3 7 II 40 | 235 | I5 40 | 295 | 19 40 | 355 | 23 40 | 55 | 3 40 | 3 41 | 3 42 | 3 43 

3 7 II 44 | 236 | 15 44 | 296 | 19 44 | 356 | 23 44 | 56 | 3 44 | 3 45 | 3 46 | 3 47 

3 7 11 48 | 237 | 15 48 | 297 | 19 48 | 357 | 23 48 | 57 | 3 48 | 3 49 | 3 50 | 3 51 

3 7) II §2 | 238 | 15 52 | 298 | 19 52 | 358 | 23 52 | 58 | 3 52 | 3 53 | 3 54 | 3 55 

3 tL II 56 | 239 | 15 56 | 299 | 19 56 | 359 | 23 56 | 59 | 3 56 | 3 57 | 3 58 | 3 59 


The above table is for converting expressions in arc to their equivalent in time ; its main use in this Almanac 
is for the conversion of longitude for application to L.M.T. (added if west, subtracted if east) to give G.M.T. or vice 
versa, particularly in the case of sunrise, sunset, etc. 
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A INCREMENTS AND CORRECTIONS 25” 


mi v 


00 é 00:0 A of 0|5 yes 0-0 i 60 a 
01 6 003 | 6 01:2 | 5 43:8 |] 0-1 O10} o1 2:5 
02 6 00 | 6 015 | 5 441 |} o-2 O11} 62 2:5 
03 6 00° | 6 01:7 | 5 44:3 |] 0-3 OF) | 6:3 26 
04 6 01:0 | 6 02:0 | 5 44:6 |} 0-4 02] 64 26 


05 | 6 01:3 | 6 02:2 | 5 44:8 |] os 0:2] 65 27 
06 6015 | 6025 | 5 45:0 ll o-6 0:2] 66 2:7 
07 6 01:8 | 6 02:7 | 5 45:3 || o-7 0:3) 67 2:7 
08 | 6 02:0 | 6 030 | 5 45:5 |] 0-8 03] os 28 
09 6 02:33 | 6 03:2 | 5 45:7 |lo-9 0-4] 69 28 


10 | 6 02:5 | 6 03:5 | 5 46:0 1-0 0:4] 7-0 2:9 
11 | 6 02:8 | 6 03:7 | 5 462 |) 11 04] 71 2:9 
12 6 03:0 | 6 04:0 | 5 465 |} 1-2 05] 72 29 
13 6 03:3 | 6 04:2 | 5 467 | 1-3 05] 73 3:0 
14 6 0355 | 6 045 | 5 46:9 11-4 06] 7-4 3:0 


15 6 03:8 | 6 04:7 | 5 47:2 lies O06] 765 31 
16 | 6 04:0 | 6 05:0 | 5 47:4 |} 1-6 O7 | 76 31 
17 | 6 04:3 | 6 05:2 | 5 47:7 1-7 O-7 | 77 341 
18 6 045 | 6 055 | 5 479 |] 1-8 07 | 78 3:2 
19 6 04:8 | 6 05:7 | 5 481 |] 1-9 0:8] 7-9 3:2 


20 | 6 05:0 | 6 06:0 | 5 48:4 || 2:0 08} 80 3:3 
21 | 6 05:3 | 6 063 | 5 486 || 291 0:9] a1 3:3 
22 | 6 0555 | 6 065 | 5 48:8 |] 2-2 0:9] 8-2 3:3 
23 | 6 05:8 | 6 068 | 5 491 |} 2-3 0:9] 8-3 3-4 
24 | 6 06:0 | 6 07:0 | 5 49:3 |] 24 1:0] 8-4 3-4 


25 6 063 | 6 07:33 | 5 496 |] 25 1:0] 85 355 
26 6 065 | 6 075 | 5 498 |] 2-6 Ll} 86 3:5 
27 | 6 068 | 6 07:8 | 550-0 |] 2-7 11] 87 36 
28 6 07:0 | 6 08:0 | 5 50:3 |] 28 11] a8 36 
29 6 07:3 | 6 08:3 | 5 50:5 |] 299 1:2] 89 3:6 


30 6 075 | 6 08:5 | 5 50:8 |] 30 1:2] 9:0 37 
31 6 07°38 | 6 08:8 | 5 51:0 || 3-1 1:3] 91 3:7 
32 6 08:0 | 6 09:0 | 5 51:2 |] 32 1:3] 9-2 3:8 
33 | 6 08:3 | 6 093 | 5 51:5 |] 393 1:3] 93 3:8 
34 6 08:5 | 6 095 | 5 51:7 |] 34 14) 9-4 3:8 


35 6 08:8 | 6 098 | 5 52:0 || 395 14] 95 39 
36 6 09:0 | 6 10:0 | 5 52:2 |] 3-6 1:5 | 96 39 
37 | 6093 | 6103 | 5 52:4 |} 3-7 1:5] 97 4:0 
38 | 6095 | 6105 | 5 52:7 || 3-8 16] 98 4:0 
39 | 6098 | 6108 | 5529 || 5-9 16] 9-9 4:0 


40 6 10:0 | 6 11:0 | 5 531 || 40 16 ]10°0 41 
41 6103 | 6113 | 5 53-4 |] 41 1:7 J 10-1. 41 
42 6105 | 6115 | 5 536 |] 4¢2 1:7 | 10-2 4:2 
43 | 6108 | 6118 | 5 53-9 |] 493 1:8 }10-3 4:2 
44 | 611:0 | 6120 | 5 541 |] 4-4 1:8 }10-4 4:2 


45 6113 | 6123 | 5 54:3 |} 495 18 ]10°5 4:3 
46 | 6115 | 61255 | 5 546 || 4-6 1:9] 10% 4:3 
47 | 6118 | 6128 | 5 54:8 |] 4-7 1:9 |10-7 4:4 
48 612:0 | 6 13:0 | 5 55:1 |} 4-8 2:0 j10-8 4:4 
49 | 6123 | 6133 | 5 55:3 ll 4-9 2:0 |10°9 4:5 


50 | 6125 | 6135 | 5 555 I! 50 2:0]1-0 4:5 
51 | 6128 | 6138 | 5558 || 51 21 }iea 4:5 
52 6 13:0 | 6 14:0 | 5 56:0 || 2 21 }11-2 46 
53 | 6133 | 6143 | 5 562 |] 53 2:2 }113 4:6 
54 61355 | 6145 | 5 565 || &4 2:2 }11-4 4:7 


55 | 6138 | 6148 | 5 56:7 |] &5 2:2 |i 4:7 
56 | 6140 | 6 15:0 | 5 57:0 || 6 2:3 |1l-6 4:7 
57 | 6143 | 6 15:3 | 5 57:2 || 5-7 2:3 }11-7 48 
58 | 6145 | 6155 | 5 57-4 |] 58 24/18 48 
59 | 6148 | 6158 | 5 57:7 | 59 2:4 }11-9 4:9 


60 | 6 15:0 | 6160 | 5 57:9 |} eo 2:5 |12-0 4:9 
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TABLES FOR INTERPOLATING SUNRISE, MOONRISE, ETC. 
TABLE I—FOR LATITUDE 


Tabular Interval Difference between the times for consecutive latitudes 

10° 5° 2° | 5™ ro™ 15™/ 20M 25™ 3o™ |( 35™ 4o™ 45™ | 5so™ 55™ GoM | Th OS™ | rh Om | yh y5m | yh 20m 
° , ° , ° , m m m m m m m m m m n m h m h m h m ho om 
030 015 006/0 o | 5 Seale 8 Clie Top eee ee 2) | OnO2 as On020 | OLO2 | sOnO> 
1500) 0: 30 0)'12, 10 7h, Fe 2 Sl £3.) ee Sl 4a 4S 05 05 05 05 
£430,. 6:45, -O 18: | 5, ! sho 2 3) | 3a, 4] 04) Se Sul i Ge 1 7 07 07 07 07 
2500) $100 0.248 |. 2s eS4) Sal 557 || RO wo t7om 7 6 See On LO 10 10 10 10 
2530) 4 150 Bort 1925 4 Ss) OF aS) 9) Ouleron a1. 112 12 13 13 13 
3°00) 1.307 0 36) |" r ~93" 94.) G87" | 28al 8914 TORTI 1218" “14 TO Ur5="||S0 157) 0 168.0816 
3°30) 1) 45.0 (425/29 935 5) (9 7 8) F108) PE 2 13 14 67 18 18 19 19 
400 200 048|2 4 6| 8 9 11/13 14 1§|]16 18 I9 20 21 22 22 
430 215 054/2 4 7| 9 II 13|15 16 18] 19 21 22 23 24 25 26 
§ 00 230 1100/2 § %7/|10 12 14/16 18 20] 22 23 25 26 27, 28 29 
5.30. 2 45 1 06) |:3' 75) 8 jnrt. 138 °16'| 18 | 20: $224) 24,5 26: 281170 29/4/10 307) 0131 O 32 
670077300 “1 42) | «3 165 9 "i248 “149217 || 20'F 22-2244 26% 20) SI 32 33 34 36 
6 30 315 118|3 6 10/13 16 19 | 22 24 26/29 31 34 36 37 38 40 
700 330 1 24/3 7 10/14 17 20] 23 26 29 | 31 34 37 39 41 42 44 
730 345 1330/4 7 1/15 18 22/25 28 31 | 34 37 40 43 44 46 48 
8 00 400 1 36/4 8 12]|16 20 23/27 30 34] 37 41 44] 0 47 | 0 48 | o 51 | Oo 53 
8 30 415 1 42/4 8 13/17 21 25]|29 33 36| 40 44 48] 0 51 | 0 53 | 0 56 | 0 58 
900 430 4148/4 9 13] 18 22 27] 31 35 39| 43 47 52| 055 | O 58 | I OL | I 04 
930 445 1154/5 9 14] 19 24 28 | 33 38 42/47 5I 56/ I 00 | I 04 | I 08 | I 12 
10 00 § 00 200]5 10 15] 20 25 30 THOSes| ek LO) helSeal exeeo 


Table I is for interpolating the L.M.T. of sunrise, twilight, moonrise, etc. for latitude. It is to be noted 
that the interpolation is not linear, so that when using this table it is essential to take out the required pheno- 
menon for the latitude Jess than the true latitude. The table is entered with the nearest value of the difference 
between the times for the tabular latitude and the next higher one, and, in the appropriate column, with the 
difference between true latitude and tabular latitude; the correction so obtained is applied to the time for the 
tabular latitude; the sign of the correction can be seen by inspection. 


TABLE II—FOR LONGITUDE 


Long. Difference between the times for given date and preceding date (for east longitude) 
East or for given date and following date (for west longitude) 
West In + rh + 
10™ 20™ 30™ | 4o™ 50™ 60™ | 1o™ 20™ 30™ | gom 50™ 60M | 25 TOM | 22 20M | 2h 30M] 2B 4gom| 25 som | 3h oom 
° m m m m m m m m m m m m h m h m h m b m h m h m 
09 iO) “O} [Ol SO) SO) HO 0) FON 0) |) "0: 10,8 20; |) 10" 008/40) CO} |/kOV O07! |NOKCO §)/000))||'0700 
TOPO I pr PRIS 2 ae ao 3) es 3s 04 04 04 04 05 05 
20 yy A 42 25.53 73 4? bh A § 6 be a7 07 08 08 09 09 10 
30 Teh 2s 2 eh aS SO 7, 1, ko BORIC II 12 12 13 14 15 
40m ls 25 § 3594) O° 27) |WeSh Oe tO) nl si2e 73 14 16 17 18 19 20 
50 Toy 30,44 On ee eS |elOn eh et2) Td SUS eT 7a OSs | CORTON EO 21a Oe22 | mOn2dallOu2s 
60. 25 3415 7 e.8e TO) |Ai2y 13.85 | L7 s18i 520 22 23 25 27 28 30 
70) | 2) 745 6 || PS 1Oset2 e416 S17 19 2h 623 25 27 29 31 33 35 
80m |e 40 17 On Din 3) |elOs 5 e201 22meed 27, 29 31 33 36 38 40 
90 |}2 § 7] 10 12 15 | 17 20 22 | 25 27 30 32 35 7, 4° 42 45 
100 2 6 8) ire 34 17/19 22 25) |) 28 331 33) | 0 36) || © 39) || 0742 ||" 44 40) 47) |0750 
110 | 3 6 9/12 15 18| 21 24 27 | 31 34 37 40 43 46 49 | 9 52 | 0 §5 
120 | 3 7 10] 13 I7 20 | 23 27 30 | 33 37 40 43 47 50 53 | 9 57 | I 00 
130 | 4 7 I1 | 14 18 22] 25 29 32! 36 40 43 47 51 54 | © 58 | I or | I 05 
140 Ay 18s 12.96) 19. 23) 27, 31-35) 39) $43).-47, 51 $4 | 0 58. F 02 | tr 06 | 1410 
TSO) | 4" Si 13") 178 2r0 25) 1/298 337338. | 42, 146. S08 9054 0) 58 ir O38) 1eO7 9) Pierre Tears 
160 4 (9 13h| Sh 22) 27 31s 3640 44 49 S3uINONSS N10 02 Pi 078 |) Tent 116),| 1720 
170.) |\'5'= 9h Fahl exo) 24) 28 1/9330 G8ae42) 47) 15200574 OL lt OO erat ie || 1976 | e1e20m|) Fees 
180 | 5 10 15 | 20 25 30] 35 40 45 | 50 55 60| 105 |; I 10 | I 1§ | I 20 | 1 25 | I 30 


Table II is for interpolating the L.M.T. of moonrise, moonset and the Moon’s meridian passage for 
longitude. It is entered with longitude and with the difference between the times for the given date and for 
the preceding date (in east longitudes) or following date (in west longitudes). The correction is normally 
added for west longitudes and subtracted for east longitudes, but if, as occasionally happens, the times become 
earlier each day instead of later, the signs of the corrections must be reversed. 
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Name 


INDEX TO SELECTED 


Acamar 
Achernar 
Acrux 
Adhara 
Aldebaran 


Alioth 
Alkaid 
Al Nair 
Alnilam 
Alphard 


Alphecca 
Alpheratz 
Altair 
Ankaa 
Antares 


Arcturus 
Atria 
Avior 
Bellatrix 
Betelgeuse 


Kaus Australis 


Kochab 
Markab 
Menkar 
Menkent 
Miaplacidus 


Mirfak 
Nunki 
Peacock 
Pollux 
Procyon 


Rasalhague 
Regulus 

Rigel 

Rigil Kentaurus 
Sabik 

Schedar 

Shaula 

Sirius 

Spica 

Suhail 


Vega 
Zubenelgenuli 


STARS, 1975 


Name 


S. 
S. 
S. 
S. 
N. 
N. 
N. 
S. 
S. 
S. 
N. 
N. 
N. 
S. 
S. 
N. 
S. 
S. 
N. 
N. 
S. 
N. 
N. 
N. 
S. 
N. 
N. 
N. 
N. 
S. 
S. 
S. 
S. 
N. 
S. 
N. 
N. 
N. 
S. 
S. 
N. 
S. 
S. 
N. 
N. 
N. 
N. 
S. 
S. 
S. 
IN: 
S. 
S. 
S. 
S. 
N, 
S. 


SoS GNA AShwWHd 


Alpheratz 
Ankaa 
Schedar 
Diphda 


Achernar 


Hamal 
Acamar 
Menkar 
Mirfak 
Aldebaran 


Rigel 
Capella 
Bellatrix 
Elnath 
Alnilam 


Betelgeuse 
Canopus 
Sirius 
Adhara 
Procyon 


Pollux 
Avior 
Suhail 
Miaplacidus 
Alphard 


Regulus 
Dubhe 
Denebola 
Gienah 
Acrux 


Gacrux 
Alioth 
Spica 
Alkaid 
Hadar 


Menkent 
Arcturus 

Rigil Kentaurus 
Zubenelgenuli 
Kochab 


Alphecca 
Antares 
Atria 
Sabik 
Shaula 


Rasalhague 
Eltanin 

Kaus Australis 
Vega 

Nunki 


Altair 
Peacock 
Deneb 
Enif 

Al Nair 


Fomalhaut 
Markab 


PNPNZ LPVZY PLAZA DALZZ YYNRZ ZYYHZ YAZZZY ZAZYZ YPYZHZ 


LP PLLYZ PLZZ 
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666 APPENDIX F: EXTRACTS FROM NAUTICAL ALMANAC 


ALTITUDE CORRECTION TABLES 0°-35°—MOON 


App. | 0°-4° | 5°-9° |10°-14°|15°-19° /20°-24° | 25°-29° | 30°-34° | App. DIP 
Alt. = 1 Alt. --— 
‘che Corr® Corr; = Corr Corrs | Corr® Corr® Corr® Lene Mmcehteren 
| E ° | ° ° Eye Corr Eye oe oan et 
00 33:8 58:2 aa 15 62:8 | 7° 62-2 | 75 60-8 | 3° 58:9 00 


10 35:9 58:5 62:2 62:8 62:1 60-8 58:8 10 
20 37:8 58:7 62:2 62:8, 62: 60:7 58:8] 20 
30 39:6 58:9 62:3 62:8 | 62: 
40 41-2 59:1 62-3 62:8 62 
50 42-6 59:3 62:4| 62-7 62: 


00 | T 44-0 6 50.5 a 62-4 Ly eal 62: 


10 45:2 59:7 O27 40 (G2s7ate (OT 
20 46:3 59:9 62:5 62:7 61 
30 47°3 60:0 62:5 62:7 61 
40 48-3 60:2 62-5 62:7 61 
49:2 60:3) 62-6 62:7 61 


ro) 


60:6 58:5 50 


eo?) <7 50:0 7 60-5 12 62.6 | 77 62:7 a 63 
10 50:8 60:6 62:6 62:6 61 
20 51-4 60:7 62:6 62:6 61 
30 52:1 60:9 62-7 62:6 61 
62:6} 61 
62:6 61: 


a 
° 
an 
N 
“_ 
an 
- 
fe) 
Ov 
N 
“ 


NPNWWEEU ANAAIN wwMOHVHVd OOH 


00 53:8 8 61.2 13 62-7 = 62°5 23 61. ee 59:7 3 57-5 00 
10 543 61-3 62-7 62°5 61- 59°7 57°4| 10 
20 54-8) Ord 62-7! 62:5 61 59°6 57°4| 20 
30 55:2 | 61°5 | 62:8 62°5 61 59:6 57°3| 30 
40 55:6} 61:6 62:8! 62:4 61-3] 59°5 57:2| 40 
50 56:0 61:6) 62:8 | 62-4 61 59°4 57:1] 50 
00 4 56-4 9 61-7 14 62:8 | 79 62:4 24 61-2 9 59:3 34 57:0| 00 
10 56-7 61:8 62-8) 623 6I-I! 59:3 56:9| 10 
20 57:1 61:9 62:8; 62-3 61-1 59:2 56:9| 20 
30 57°4 61:9 62:8} 62:3 63-0 59:1 56-8} 30 
40 57:7 62:0, 62:8 | 62:2 60:9 59-1 56:7| 40 
50 57:9 62:1} 62:8| 62-2 60:9 59:0 56:6| 50 
ima T zi Paes T 
Fea Use UR) Uae UP ei | I | Hee: 


| 


54:0 03 0-9 | 03 0-9 0-4 1-0. | 0-5 II 0612 07 13 0-9 1-5 54-0 


§4:3|/ 0:7 1-1)0'71:2,0:71:2/08 13 (O94 1 1-5 |1:-21:7 | 54:3 MOON CORRECTION 
$46, 011-4) 11-4! 11 Toque 2 te 5.eT-3un-6 yaled 1-7 (e195) 168 1\'54-6 TABLE 
54°9| 041-6] 1-516) 1-5 1-6) 1-6 0-7) 1-6 1-8 1-8 1-9| 1-9 2-0/ 54-9 The correction is in two parts; 
552) 181-8/1818,191-9:191-9 ie Salta fe ae ee hee the first correction is taken from 
55-5 | 2:2 2-Oi|| 2-2 2-0 [i2-3)2-1L.) 2:3) 2aT 2-4 2:2 | 2:4 2:3 2°§ 2:4155°5 the upper part of the table with 
§§:8) 2:6 2:2 | 2-6 2-21 2-6 2-3 , 2-7 2: 32-724 2:8 2-4] 2-9 2-5 | 55-8 argument apparent altitude, and 
56-1 | 3:0 2-4 | 3:0 2°5 3:0 Ae Site | ier Ges 2-6 3:22:7 561% the second from the lower part, 
56-4] 3-4 2-7|3-42:7'3-42-7 342-7 | 3-4 2-8 | 3-5 2:8 | 3-5 2:9 | 56-4 with argument H.P., in the same 
56-7) 3:7 2:9 3:72:9 3:82:9 3-8 2-9 | 3:8 3-0] 3-8 3-0 3-9 3:0/| 56-7 column as that from which the 
first correction was taken. Sep- 
5770/4131) 41310 431) 4131) 423-1 | 4:2 3:2 | 4:2 3:2) 57-0 arate corrections are given in the 
57°3| 4°5 3:3 45 33 4:5 3°93) 415 Srila") 38n4 51 3°4| 4:6 3-4 jane lower part for lower (L) and 
§7°6|4:93:5|/493°5 493°5 | 4°9 3°5 | 4°9 3°5 | 49 3°5 | 4°9 36 | 57-6 upper (U) limbs. All corrections 
57-9| 5-3 3:8 | 5-3 3°8 | 5-2 3-8 | 5-2 3-7 | $:23-7| 5:2 3°7| 5-2 3°7|57°9| are to be added to apparent alti- 
58°2 [5-6 4-0.) 5:6 4-0 |'5°6 4-0) $:6.4°0.) 5°6'3-9 | 576 3:9'|'5°6 3-9 | 58:2 tude, but 30’ is to be subtracted 
58:5 6:0 4:2 6-0 4:2 16-0 4:2 6-0 4:2 6:0 4:1 | 5:9 41! 5:9 4:1 58:5 from the altitude of the upper limb. 
58:8) 6:4 4:4/6-4 44] 6444! 6-3 4-4 | 63 43 | | "3 43/6242 588 For corrections for pressure 
59:1 6-8 4:6 | 6-846 6746 6746/6745, (6645 6644 59:1 and temperature see page Aq. 
$94) 7243) 71 A871 4 87148 ROR) FO AINA SS .4 For bubble sextant observa- 
SOs i Dee TS 5:0) 75 5°0i) 7°5 5201). 74 4:91 7-3 4-8 ee A SOT tions ignore dip, take the mean 
60:0| 7:9 5:3 17-9 5-3) 117°95-2.| 7:8 5-2uh 78 Sate 7°7 570 | 7-6 4:9 60-0 of upper and lower limb correc- 
60:3 | 8-3 5:5 | 8:3 5:5 | 8:2 5°4| 8:2 §-4/| 8-1 5:3 8:05:2)7:9 5:1 603 tions and subtract 15’ from 
60:6| 8:7 5:7| 8:7 5:7| 8:6 5:7 | 8:6 5:6! 8-5 §°5 | 8-4 5:4 8-2 5:3 60:6 the altitude. 
60-9 | 9:1 $-9,|.9°0 $°9| 9°0 5-9) 8-958 8-8 5:7) 8-7 5:6 8:6 5-4 60-9 App. Alt. = Apparent altitude 
61-2) 9:5 62/9461) 9461'9360 9259, 9158 8956 61-2 = Sextant altitude corrected for 
61-5 | 9:8 6-4 | 9:8 6:3 | 9:76:31 9:7 6:2 9:5 61/9459 9:2 5:8 | 61'5 index error and dip. 


APPENDIX F: EXTRACTS FROM NAUTICAL ALMANAC 


ALTITUDE CORRECTION TABLES 35°-90°—MOON 


|50°-54° 


Corr® 
5 


bed 
46:9 
46:8 | 
46-7 


LU 


LU 
{ 


2:02°6 
2:3.2°7 
2:5 2:8 
2:7 2:9 
3702-9 


3:23:0 
350545 
3°7 3:2 
5291373 
4233 
443-4 
4735 
4:9 3-6 
§:23-7 
$°43:7 
5:6 3:8 
5:9 3-9 
6-1 4:0 
6-4 4:1 
6:6 4:1 


6-9 4:2 
7143 
7344 
7:6 4:5 
7:8 4:5 
8-1 4-6 


3°4 3:2 
3:6 3-3 
3:8 3:3 
4903-4 
4334 
4:5 3°5 
4735 
4:9 3:6 
513-6 
5°43°7 
6:0 3:9 
6:2 3-9 
6-5 4:0 
6:7 4:0 
6:9 4:1 
7142 
7342 
76 473 
7:8 43 


2:6 3:2 
2:8 3:2 
3933 
332)3)5 
3433 
3:6 3:4 
3:8 3-4 


Ww RO RBAN WHO OWA AWHOX ARNOV! 
Se ee ee a et SS EE 
AU AQAADAA AADAADA AnADAU UVUUuUNUNY 


Zrii Cagle iso at Ce Cue ie Sele ici Cal eS 


OC MOXINER HNHOOIYA VDHNHHO WMWANUWDN- 


AAAAAHA AWUUUY Unuhs HRERYW WHWWY 


OOrI AU 


AAAAAL UUUUN UAULL SSR E SWWWY 


ARWNOD CBI ARW HNHOO’ AUSRNA 
WwwWwWwWwW WWWWW WWWWW WWWWW hhh D 


He WP RKW WEEUA ANAAIA WMHMDDO DOHHA 


Man AMARAM lid 
© Orn ANLWW WN 
Vw WWW WW wu 


ee 
° 
N 
.‘o 
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APPENDIX G 


STARS, MAY—AUG., 1975 


No. Name Mag.|S.H.A. Dec. 
7*| Acamar 3-1 | 315 40) S. 40 24 
5*| Achernar 0-6 | 3385 48 | S. 57 21 

30*| Acrux 1-1 | 173 41 | S. 62 58 

19 | Adhara To WG) 25535") S286 

10*| Aldebaran Tt 1-1 | 291 22 | N. 16 28 

32*| Alioth 1-7 | 166 46 | N. 56 06 

34*| Alkaid 1-9 | 153 21 | N. 49 26 

55 | Al Nair 2-2) 2819] S. 4705 

15 | Alnilam hl AES 276RLGH| (S.8 Wes 

25*| Alphard Te e2ueetSs24s |S Soo 

41*| Alphecca {| 2-3} 126 35 | N. 26 48 
1*| Alpheratz ft | 2-2] 358 13] N. 28 57 

51*| Altair t| 0-9] 6236) N. 8 48 
2 | Ankaa 2-4 | 353 44] S. 42 26 

42*| Antares t 120) els OI. 26123 

37*| Arcturus t| 0-2 | 146 22} N. 19 19 

43 | Atria 1-9 | 108 28 | S. 68 59 

22 | Avior 1-7 | 234 30] S. 59 26 

13 | Bellatriz t 1-7 | 279 03| N. 6 20 

16*| Betelgeuse f| 93" | 27132) N. 7 24 

17*| Canopus —0-9 | 26409] S. 52 41 

12*| Capella 0-2'| 281 17 | N. 45 58 

53*| Deneb 1-3} 49 51] N. 45 12 

28*| Denebola +] 2:25) 183 °03)) N, 14.43 
4*| Diphda T 2.2 | 349 24!) S.18 07 

27*| Dubhe 2-0 | 194 27 | N. 61 53 

14 | Elnath i 1-8 | 278 49 | N. 28 35 

47 | Eltanin 2.4} 9059| N. 51 30 

54*| Enif {| * 22s) 34 15 Ns © 9 46 

56*| Fomalhaut t 1:3)| 15.55 |) S29 45 

31 | Gacrux 1-6 | 172 33] §. 56 59 

29*| Gienah il 2-3) Gi22a Sala 

35 | Hadar 0-9 | 149 28| S. 60 16 
6*| Hamal Tl 2s2ao2s Sorlp Ne coool 

48 | Kaus Aust. 2:0| 8421] §. 34 24 

40*| Kochab 2-2| 18718] N. 74 16 

57 | Markab {| 2-6] 1407] N. 1504 
8*| Menkar t 2-8 | 31445) N. 400 
36 | Menkent 2-3 | 148 41 | S.3615 
24*| Miaplacidus 1-8 | 221 46 | S. 69 37 
9*| Mirfak 1-9 | 309 21 | N. 49 46 

50*| Nunki Tl) etal 76:33 5 Sa20;20 

52*| Peacock 2-1) 5403) S. 56 49 
21*) Pollux | 1-2) 244 03| N. 28 05 
20*| Procyon Tie G-baln245, S00 Na ep: lin 
46*| Rasalhague al 2200 96 38h N 312735 
26*| Regulus T| 1-3] 208 14] N. 12 05 
11*| Rigel Fal OS 28ie40 Sa 8 i 4- 
38*| Rigil Kent. 0-1 | 140 30] S. 60 44 
44 | Sabik tT 2-6) 10245) S515 42 
3*| Schedar 2-5 | 350 13 | N. 56 24 
45*| Shaula 1-7| 9700} 8S. 37 05 
18*| Sirius 7 |—1-6 | 25859 | S. 16 41 
33*| Spica 1] 1-2] 15901] S. 11 02 
23*| Suhail 2-2 | 223 14] S. 48 20 
49*| Vega 0-1} 8058] N. 38 46 
39 | Zuben’ubi t| 2-9] 18737] S. 15 57 


EXTRACTS FROM AIR ALMANAC 


INTERPOLATION OF G.H.A. 


Increment to be added for intervals of G.M.T. to 
G.H.A. of: Sun, Aries (T) and planets; Moon 


00 57 
01 01 


02 57 
03 01 


SUN ,ete. MOON 
m s 


00 00 - 


7 m 8 
00 00 

0 00 
01 00 02 


05 0 0 00 06 
99 6 03 00 10 
13 9 04 00 14 
17 00 18 
0 05 

21 006 00 22 
25 9 07 00 26 
29 9 08 00 31 
33 9 09 00 35 
37 5 10 00 39 
41 011 00 43 
45 9 19 00 47 
49 9 13 00 51 
53 00 55 
0 14 

0 15 01 00 
016 01 04 
05 017 01 08 
09 018 01 12 
13 019 01 16 
17 5 09 01 20 
21 01 24 


sy 03 04 


03 08 


SUN, etc. MOON 


m 


03 


03 
04 


05 
06 


8 4 5 m 8 
17 03 25 
21 3 a 03 29 
20 9 03 3 
33 ' es 03 41 
37 055 03 45 
41 03 49 


56 

45 ; 57 03 54 

49 058 03 58 

53 59 04 02 

57 04 06 
1 00 

01 101 04 10 

05 0414 


57 06 10 
01 06 15 


SUN, ete. 


m 
06 37 


06 57 
07 01 


07 57 
08 01 


MOON 
Ss = ¥ m s 
1 40 06 52 
41 141 06 56 
Uys 
53 ie 07 08 
1 44 

5 07 13 


146 27 17 
05 | 47 07 21 
09 | 4g 07 25 
13 | 49 07 29 
17 | 59 07 33 
21 151 0% 37 
25 | 55 07 42 
29 | 5 07 46 
33 | 54 07 50 
37 | 55 07 54 
41 156 27 58 
45 | 57 08 02 
49 | 5g 08 06 
53 1 59 08 11 
2 90 08 15 
201 08 19 
05, og 08 28 
09 03 08 27 


*Stars used in H.O. 249 (A.P. 3270) Vol. 1. 
{Stars that may be used with Vols. 2 and 3. 


APPENDIX G: EXTRACTS FROM AIR ALMANAC 


(DAY 152) GREENWICH A. M. 1975 JUNE 1 (SUNDAY) 


669 


© SUN ARIES | VENUS-3.8 | JUPITER-1.7 | SATURN 0.4 | @® MOON |,,,| Moon- | pice 

GHA Dec. | GHA Y | GHA Dec. GHA Dec. | GHA __ Dec. GHA _ Dec. BSS 
180 36.0 N21 56.2|248 51.5|132 10 N23 46|232 59 N 5 30/140 29 N22 16|279 21S 6 47 
183 06.0 56.3/251 21.9|134 40 235 29 142 59 281 47 45 a pares: 
185 36.0  56.3|253 52.3/137 09 237 59 145 29 28413 43 00 49) —07 
188 06.0 - 56.4|256 22.7/139 39 - 240 30 - 148 00 - 286 39 + 42 aN ea 
190 35.9  56.5|258 53.1/142 09 243 00 150 30 28904 40 00 32) —01 
193 05.9 56.5/261 23.5|144 39 245 30 153 00 29130 38 a ae es 
195 35.9 N21 56.6|263 53.9|147 09 N23 45|248 01 N 5 30/155 31 N22 16/293 56S 6 36/62/00 15| 05 
198 05.9  56.6|266 24.4|149 39 250 31 158 01 296 22.35 
200 35.9  56.7|268 54.8/152 09 253 01 160 31 BOR Ay | 33 cul ou sul Loe 
203 05.9 - 568/271 25.2|154 39 - 255 32 - 163 02 - S019 % 431 SOOT? Od 
205 35.8  56.8/273 55.6|157 09 258 02 165 32 303 39 29|26/00 04) 08 
208 05.8 56.9|276 26.0|159 39 260 32 168 03 30605 28 Py seid ts 
210 35.8 N21 56.9|278 56.4|162 09 N23 45/263 03 N 5 30/170 33 N22 16|308 30S 6 26 
213 05.8 —-57.0|281 26.8|164 39 265 33 173 03 F106) eee ela ee 
215 35.8 —57.1|283 57.2|167 09 268 03 175 34 Big oe 3 2a '14} 12 
218 05.8 - 57.1|286 27.6|169 39 - 270 34 - 178 04 - 31547 + 21 2413) 13 
220358  57.2/288 58.0172 09 273 04 180 34 ses 19 2411) 15 
223057 —57.2/291 28.5|174 39 275 34 183 05 320759 97 alee 
225 35.7 N21 57.3/293 58.9|177 09 N23 44/278 05 N 5 30/185 35 N22 16|323 05S 6 16] 20/24 07; 18 
228057  —57.3|296 29.3|179 38 280 35 188 05 CPt ome IC meyer | ac 
230 35.7  57.4|298 59.7|182 08 283 05 190 36 32756 = 12 2404) 21 
233 05.7 - 57.5/301 30.1/184 38 - 285 36 - 193 06 - 530.2252) 10) er anes 
235 35.7 57.5|304 00.5/187 08 288 06 195 37 seed 2 09 Veale ale ee 
238056  — 57.6|306 30.9/189 38 290 36 198 07 33513 07 2358| 26 
240 35.6 N21 57.6/309 01.3|192 08 N23 44|293 07 N 5 30/200 37 N22 15/337 39S 6 05 23°56) 27 
243 05.6 57.7|311 31.7|194 38 295 37 203 08 34005 04 23°55) 29 
245 35.6 57.8|314 02.2/197 08 298 07 205 38 gazes” Se O28 | ssa, ee 
248 05.6 - 57.8|316 32.6/199 38 - 300 38 - 208 08 - 344 56) 26 ON ee ae 
250 35.6 —57.9| 319 03.0|202 08 303 08 210 39 347 22. 5 58152/2350| 33 
253056  —57.9| 321 33.4|204 38 305 38 213 09 34948 257 23 49| 34 
255 35.5 N21 58.0/324 03.8|207 08 N23 43/308 09 N 5 31/215 39 N22 15/352 14S 5 55|26| 23 48| 35 
258055 58.0/ 326 34.2|209 38 310 39 218 10 35439  53)28/23 47) 36 
260 35.5  58.1/329 04.6|212 08 313 09 220 40 35705 = 51 23:45) 37 
263 05.5 - 58.2|331 35.0|214 38 - 315 40 - 223 10 - 359 31 - 50 
265 35.55  58.2/334 05.4|217 08 318 10 225 41 157 48 
268 05.5 583/336 35.9|219 37 320 40 228 11 422 46 
270 35.5 N21 58.3|339 06.3|222 07 N23 43/323 11 N 5 31/230 42N2215| 6485S 5 44] Moon'sP. inA 
273 05.4  58.4/341 36.7|224 37 325 41 233 12 914 43 : 
275 35.4  58.5|344 07.1|227 07 328 11 235 42 11 40). 41 2 8 
278 05.4 - 585/346 37.5|229 37 - 330 42 - 238 13 - 1405 - 39 
280 35.4  58.6|349 07.9|232 07 333 12 240 43 1631 38 aot 
283 05.4 58.6|351 38.3|234 37 335 42 243 13 1857 36 S13 
285 35.4 N21 58.7/354 08.7|237 07 N23 42|338 13 N 5 31/245 44.N22 15| 21235 5 34 58 36 
288 05.3  58.7/356 39.1|239 37 340 43 248 14 2349 (32 oy) ee 
290 35.3  58.8| 359 09.5|242 07 343 13 250 44 2610 251 60 3. 
293 05.3 - 58.9] 1 40.0|244 37 345 44 - 253 15: 2840 - 29 62 
295 353 58.9| 4 10.4/247 07 348 14 255 45 31 06 27 63 2° 
298 05.3 59.0] 6 40.8|249 37 350 44 258 16 33 32 25 64 24 
300 35.3.N21 59.0] 9 11.2/252 07 N23 42/353 15N 5 31/260 46 N22 15| 3557S 5 24 65 Fe 
303053 59.1] 11 41.6|254 37 355 45 263 16 ag'23,) 22 66 
305 352  59.1| 1412.0|257 07 358 16 265 47 4049 20 67 21 
308 05.2 59.2| 16 42.4/259 37 - 0 46 - 268 17 - 43.15 18 68 2° 
310 352  59.3| 19 12.8|262 06 316 270 47 4540 17 79 19 
313052 59.3] 21 43.2|264 36 5 47 273 18 4806 15 71 18 
315 35.2N21 59.4| 24 13.7|267 06N23 41| 817N 5 31/275 48 N22 15| 5032S 5 13 72 17 
318052 59.4] 26 44.1|269 36 10 47 278 18 5258 i 73 16 
320 351 59.5] 29 14.5|272 06 13 18 280 49 5523 10 74 15 
323 05.1 - 59.6] 31 44.9|274 36 - 15 48 - 283 19 - 5749 - 08 75 14 
325 35.1 59.6) 34 15.3|277 06 18 18 285 49 6015 06 ae 
328.051  59.7| 36 45.7|279 36 20 49 288 20 6241 04 ee 
330 35.1 N21 59.7| 39 16.1|282 06 N23 40| 23 19 N 5 31/290 50 N22 15] 6507S 5 03 7g 1 
333 05.1 59.8] 41 46.5|284 36 25 49 293 21 6732 501 79 10 
335351 59.8| 44 16.9|287 06 28 20 295 51 6958 459 
338 05.0 2159.9| 46 47.4|289 36 - 3050 - 298 21 - 7224 + 57 
340 35.0 22 00.0| 49 17.8|292 06 33 20 300 52 7450 56 
343 05.0  00.0| 51 48.2/294 36 35 51 303 22 7715 54 
345 35.0 N22 00.1| 54 18.6/297 06 N23 40| 38 21N 5 32/305 52. N22 15| 7941S 452 
348 05.0 00.1| 56 49.0/299 36 40 51 308 23 8207 50 
350 35.0  00.2| 59 19.4]302 06 43 22 310 53 8433 48 
353 04.9 + 00.2| 61 49.8/304 35 - 45 52 - 313 23 - 8659 - 471 6,, sp iste 
355 34.9 00.3| 64 20.2|307 05 48 22 315 54 8924 45 : 
358 04.9 00.4] 66 50.6|309 35 50 53 318 24 91 50 43} Moon SD 15 

14 59.9 NO 00.3 14 59.6 SO 00.5 | 15 02.0 NO 00.2 15 02.2 000.0 14 34.5 NO 10.4 Age 2ld 
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APPENDIX G: EXTRACTS FROM AIR ALMANAC 


(DAY 152) GREENWICH P. M. 1975 JUNE 1 (SUNDAY) 


GMT © SUN — | ARIES | VENUS-3.8 | JUPITER-1.7 | SATURN 0.4 | @ MOON |,,, | Moon- | pig 
GHA Dec. | GHA Y | GHA Dec. GHA _ Dec. GHA Dec. | GHA Dec. ie se) 
h m ° , ° , ° , ° , ° , ° , ° , ° , ° , ° , ° , 
12 00|| 0 34.9 N22 00.4) 69 21.0/312 05 N23 39| 53 23N 5 32/320 55.N2215| 94165 441| \ ( 
10|} 3 04.9 00.5} 71 51.5|314 35 55 53 323 25 96 42 40 
20|| 5 34.9 00.5} 74 21.9|317 05 58 24 325 55 99 07 38 
30|| 8 04.8 00.6} 76 52.3|319 35 - 60 54 - 328 26 + 101 33 36 
40|| 10 34.8 00.6} 79 22.7|322 05 63 24 330 56 103 59 34 
50|| 13 04.8 00.7) 81 53.1/324 35 65 55 333 26 106 25 33 
13 00}| 15 34.8 N22 00.8] 84 23.5|327 05 N23 39] 68 25N 5 32/335 57 N22 15/108 51S 4 31 
10|| 18 04.8 00.8} 86 53.9|329 35 70 55 338 27 111 16 29 
20|| 20 34.8 00.9} 89 24.3|332 05 73 26 340 57 113 42 27 
30/| 23 04.8 00.9} 91 54.7|334 35 - 75 56: 343 28 - 116 08 26 
40|| 25 347 01.0} 94 25.2|337 05 78 26 345 58 118 34 24 
50|| 28 04.7 01.1] 96 55.6|339 35 80 57 348 28 120 59 22 
14 00)} 30 34.7 N22 01.1] 99 26.0/342 05 N23 38] 83 27 N 5 32/350 59 N22 15|123 25S 4 20 
10|| 33 04.7 01.2]101 56.4/344 35 85 57 353 29 125 51 19 
20|| 35 34.7 01.2}104 26.8|347 04 88 28 356 00 128 17 17 
30|| 38 04.7 01.3/106 57.2|349 34 - 90 58 - 358 30 - 130 43 15 
40|| 40 34.6 01.3/109 27.6|352 04 93 28 1 00 133 08 13 
50|| 43 04.6 01.4/111 58.0/354 34 95 59 3 31 135 34 11 
15 00]} 45 34.6 N22 01.5/114 28.4|357 04 N23 38] 98 29N 532] 601N22 15/13800S 410 
10|] 48 04.6 01.5/116 58.8|359 34 100 59 8 31 140 26 08 
20|] 50 34.6 01.6/119 29.3| 204 103 30 11 02 142 52 06 
30|| 53 04.6 01.6/12159.7| 4 34- 106 00 - 13 32 - 145 17 04 
40|| 55 34.6 01.7/124 30.1] 7 04 108 30 16 02 147 43 03 
50|| 58 04.5 01.7/127 00.5} 9 34 11101 18 33 15009 401 
16 00}} 60 34.5 N22 01.8/129 30.9] 12 04 N23 37/113 31 N 5 33| 21 03 N22 15/152 35S 3 59 
10|} 63 04.5 01.9/132 01.3] 14 34 116 01 23 34 155 00 57 
20|| 65 34.5 01.9/134 31.7] 17 04 118 32 26 04 157 26 56 
30|| 68 04.5 02.0/137 02.1] 19 34 - 121 02 - 28 34 - 159 52 54 
40|| 70 34.5 02.0/139 32.5] 22 04 123 32 31 05 162 18 52 
50|| 73 04.4 02.1/142 03.0] 24 34 126 03 33 35 164 44 50 
17 00}} 75 34.4 N22 02.1/144 33.4] 27 04 N23 37|128 33 N 5 33] 36 05 N22 15/167 09S 3 49 
10|| 78 04.4 02.2}147 03.8] 29 33 131 03 38 36 169 35 47 
20|| 80 34.4 02.3/149 34.2] 32 03 133 34 41 06 172 01 45 
30|| 83 04.4 02.3/152 04.6| 34 33 - 136 04 - 43 36 - 174 27 43 
40|| 85 34.4 02.4/154 35.0] 37 03 138 34 46 07 176 53 41 
50|| 88 04.3 02.4|157 05.4| 39 33 141 05 48 37 179 18 40 
18 00]} 90 34.3 N22 02.5/159 35.8] 42 03 N23 36/143 35 N 5 33] 51 08 N22 15/181 44S 3 38 
10|| 93 04.3 02.5|162 06.2] 44 33 146 05 53 38 184 10 36 
20|| 95 34.3 02.6|164 36.7] 47 03 148 36 56 08 186 36 34 
30/| 98 04.3 02.6/167 07.1] 49 33 - 151 06 - 58 39 - 189 02 33 
40/|100 34.3 02.7/169 37.5| 52 03 153 36 61 09 191 27 31 
50/|103 04.3 02.8/172 07.9| 54 33 156 07 63 39 193 53 29 
19 00)/105 34.2 N22 02.8/174 38.3} 57 03 N23 36/158 37 N 5 33] 66 10 N22 15/196.19S 3 27 
10||108 04.2 02.9/177 08,7| 59 33 161 07 68 40 198 45 25 
20||110 34.2 02.9|179 39.1] 62 03 163 38 71 10 201 11 24 
30||113 04.2 03.0|182 09.5| 64 33 - 166 08 - 73 41 - 203 36 22 
40|/115 34.2 03.0/184 39.9| 67 03 168 38 76 11 206 02 20 
50|/118 04.2 03.1/187 10.3] 69 33 171 09 78 41 208 28 18 
20 00}/120 34.1 N22 03.2/189 40.8] 72 03 N23 35|173 39 N 5 33| 81 12 N22 15/210 54S 317 
10|/123 04.1 03.2/192 11.2] 74 32 176 09 83 42 213 20 15 
20/125 34.1 03.3|194 41.6] 77 02 178 40 86 13 215 45 13 
30//128 04.1 03.3/197 12.0] 79 32 - 18110 - 88 43 - 218 11 1l 
40]}130 34.1 03.4/199 42.4| 82 02 183 41 91 13 220 37 09 
50||133 04.1 03.4|202 12.8) 84 32 186 11 93 44 223 03 08 
21 00//135 34.0 N22 03.5/204 43.2] 87 02 N23 35/188 41 N 5 33] 96 14.N22 15/225 29S 3 06 
10|/138 04.0 03.6/207 13.6| 89 32 191 12 98 44 227 54 04 
20//140 34.0 03.6|/209 44.0] 92 02 193 42 101 15 230 20 02 
30//143 04.0 03.7|212 14.5| 94 32 19612: 103 45 - 23246 301 
401/145 34.0 03.7/214 44.9] 97 02 198 43 106 15 23512 259 
50||148 04.0 03.8/217 15.3] 99 32 201 13 108 46 237 38 57 
22 00|/150 34.0 N22 03.8|219 45.7|102 02 N23 34/203 43 N 5 34]111 16 N22 15/240 03 S 255 
10|/153 03.9 03.9|222 16.1]104 32 206 14 113 46 242 29 53 
201/155 33.9 03.9/224 46.5|107 02 208 44 116 17 244 55 52 
30//158 03.9 04.0|227 16.9|109 32 - 21114 - 118 47 - 247 21 50 
40/|160 33.9 04.1/229 47.3/112 02 213 45 121 18 249 47 48 
50/|163 03.9 04.1/232 17.7/114 31 216 15 123 48 252 12 46 
23 00|/165 33.9 N22 04.2/234 48.2}117 01 N23 34/218 45 N 5 34/126 18 N22 15/254 38S 2 45 
10|/168 03.8 04.2|237 18.6/119 31 22116 128 49 257 04 43 
20|/170 33.8 04.3|239 49.0/122 01 223 46 13119 259 30 41 
30]|173 03.8 04.3/242 19.4/124 31 - 226 16 - 133 49 - 261 56 391 sun SD 15/8 
40//175 33.8 04.4|244 49.8/127 01 228 47 136 20 264 21 37 : 
50//178 03.8 04.5|}247 20.2}129 31 23117 138 50 266 47 36] Moon SD 15 
Rate 14 59.9 NO 00.3 14 59.7 SO 00.5 15 02.0 NO 00.2 15 02.2 000.0 14 34.8 NO 10.6 Age 21d 


APPENDIX G: EXTRACTS FROM AIR ALMANAC 


(DAY 153) SREENWICH A. M. 1975 JUNE 2 (MONDAY) 


, ° 


180 33.8 N22 04.5 


183 03.7 04.6 
185 33.7 04.6 
188 03.7 04.7 
190 33.7 04.7 
193 03.7 04.8 


195 33.7 N22 04.8 


198 03.7 04.9 
200 33.6 05.0 
203 03.6 05.0 
205 33.6 05.1 
208 03.6 05.1 
210 33.6 N22 05.2 
213 03.6 05.2 
205335:5 05.3 
218 03.5 05.4 
220 33.5 05.4 
223 03.5 05.5 
225 33.5 N22 05.5 
228 03.5 05.6 
230 33.4 05.6 
233 03.4 05.7 
235 33.4 05.7 
238 03.4 05.8 
240 33.4 N22 05.9 
243 03.4 05.9 
245 33.4 06.0 
248 03.3 06.0 
250 33.3 06.1 
253 03.3 06.1 
255 33.3 N22 06.2 
258 03.3 06.2 
260 33.3 06.3 
263 03.2 06.4 
265 33.2 06.4 
268 03.2 06.5 
270 33.2 N22 06.5 
273 03.2 06.6 
21D 33.2 06.6 
278 03.1 06.7 
280 33.1 06.7 
283 03.1 06.8 
285 33.1 N22 06.9 
288 03.1 06.9 
290 33.1 07.0 
293 03.0 07.0 
295 33.0 07.1 
298 03.0 07.1 
300 33.0 N22 07.2 
303 03.0 07.2 
305 33.0 07.3 
308 02.9 07.4 
310 32.9 07.4 
313 02.9 07.5 
315 32.9 N22 07.5 
318 02.9 07.6 
320 32.9 07.6 
323 02.9 07.7 
325 32.8 07.7 
328 02.8 07.8 
330 32.8 N22 07.9 
333 02.8 07.9 
335 32.8 08.0 
338 02.8 08.0 
340 32.7 08.1 
343 02.7 08.1 
345 32.7 N22 08.2 
348 02.7 08.2 
350 32.7 08.3 
353 02.7 08.3 
355 32.6 08.4 
358 02.6 08.5 

1459.9 NO 00.3 


ARIES | VENUS-3.8 | JUPITER-1.7 | SATURN 0.4 | @ MOON |,,, | Moon- | pire 
GHA Y | GHA Dec. GHA _ Dec. GHA _ Dec, GHA _ Dec. pee 
249 50.6|132 01 N23 33/233 47 N 5 34/141 20 N22 15|269 13S 234] % 
252 21.0|134 31 236 18 143 51 QT139s hose leche sabe” 
254 51.4|137 01 238 48 146 21 27405  30|72) 00 36) —07 
257 21.8|139 31 - 241 18 - 148 52 271631 0 a0 29 oon cali oe 
259 52.3/142 01 243 49 151 22 Z70i856 | R027 Leonia nee 
262 22.7/144 31 246 19 153 52 28122 25 2 e oe a 
264 53.1|147 01 N23 33|248 49 N 5 34/156 23 N22 15/283 48S 2 23]62/00 24| 04 
267 23.5|149 31 251 20 158 53 28614 +21 
269 53.9152 01 253 50 161 23 288400 i) 20) Sononcee pe O> 
272 243/154 31 - 256 20 - 163 54 - 29105 + 18/28/0021) 07 
274 54.7/157 01 258 51 166 24 293 31 16/26/0019; 08 
277 25.1|159 30 261 21 168 54 295067 1.00 141 eNboass ae 
279 55.5|162 00 N23 32/263 51 N 5 34|171 25 N22 15|298 23S 212 
282 26.0/164 30 266 22 173 55 300.49. 11] 2%,00,16), 10 
284 56.4/ 167 00 268 52 176 26 3030R4 « 90.09] a hooe nines 
287 26.8/169 30 - 271 22 - 178 56 - 305.40. « 07) 40/0013). 13 
289 57.2|172 00 273 53 181 26 3081068 20 O5|2-uhceet a hm? 
292 27.6/174 30 276 23 183 57 310/322 me 03/2" eRe DEE” 
294 58.0|177 00 N23 32|278 53 N 5 34|186 27 N22 15|312 58S 202|29|00 07| 18 
297 28.4|179 30 281 24 188 57 315 23. 200|20/00 05) 19 
299 58.8|182 00 283 54 191 28 317 69. =2 58) 00 | 08,08). 22 
302 29.2/184 30 - 286 24 - 193 58 - 32015 - 56@|10}0002) 22 
304 59.7|187 00 288 55 196 28 322c41 ny 551 ech LOU Ree 
307 30.1|189 30 291 25 198 59 32507 53/30/2450! 26 
310 00.5|192 00 N23 31/293 55N 5 35/201 29 N22 15|327 33S 151] 22) 24 50) 27 
312 30.9|194 30 296 26 203 59 220:805 Wg 49| soleear aes: 
315 01.3|197 00 298 56 206 30 332124 9 947 | Soh29 2 090 
317 31.7|199 30 - 301 26 - 209 00 - 334/50, =; 46| 99.) 24.54), 32 
320 02.1|202 00 303 57 211 31 33716 ©— 44 52| 24 55| 33 
322 32.5|204 29 306 27 214 01 33942 42/54|2456| 34 
325 02.9|206 59 N23 31|308 57 N 5 35|216 31 N22 15/342 07S 1 40| 26| 24 57| 35 
327 33.3|209 29 311 28 219 02 344.33 38/28} 24.58) 36 
330 03.8|211 59 313 58 221 32 34659 37 He 
332 34.2|214 29 - 316 28 - 224 02 - 349 25 + 35 
335 04.6/216 59 318 59 226 33 35151 33 
337 35.0|219 29 321 29 229 03 354 16 
340 05.4|221 59 N23 30/323 59 N 5 35|231 33 N22 15/356 42S 
342 35.8|224 29 326 30 234 04 359 08 
345 06.2|226 59 329 00 236 34 1 34 
347 36.6|229 29 - 331 30 - 239 05 - 4 00 
350 07.0|231 59 334 01 241 35 6 25 
352 37.5|234 29 336 31 244 05 851 
355 07.9|236 59 N23 29/339 01N 5 35|246 36 N22 15| 1117S 
357 38.3|239 29 341 32 249 06 13 43 
0 08.7|241 59 344 02 251 36 16 09 
2 39.1|244 29 - 346 32 - 254 07 - 18 35 
5 09.5|246 59 349 03 256 37 21 00 
7 39.9/249 28 351 33 259 07 23 26 
10 10.3/251 58 N23 29/354 04.N 5 35|261 38 N22 15| 25525 
12 40.7/254 28 356 34 264 08 28 18 
15 11.1|256 58 359 04 266 38 30 44 
17 41.6|259 28 - 135: 269 09 : 33 09 
20 12.0|261 58 405 271 39 35 35 
22 42.4|264 28 6 35 274 10 38 01 
25 12.8|266 58 N23 28| 9 06N 535/276 40 N22 15| 40275 
27 43.2|269 28 11 36 279 10 42 53 
30 13.6|271 58 14 06 281 41 45 19 
32 44.0|274 28 - 16 37 - 284 11 - 47 44 
35 14.4|276 58 19 07 286 41 50 10 
37 44.8|279 28 21 37 289 12 52 36 
40 15.3|281 58 N23 28| 24 08N 5 36|291 42 N22 15| 5502S 
42 45.7| 284 28 26 38 294 12 57 28 
45 16.1|286 58 29 08 296 43 59 53 
47 46.5|289 28 - 31 39 - 299 13 - 62 19 
50 16.9/291 57 34 09 301 43 64 45 
52 47.3|294 27 36 39 304 14 67 11 
55 17.7|296 57 N23 27| 39 10N 5 36/306 44 N22 15| 69 37S 
57 48.1|299 27 41 40 309 15 72 03 
60 18.5|301 57 44 10 311 45 74 28 
62 49.0|304 27 - 46 41 - 31415 - 76 54 7 
65 19.4| 306 57 49 11 316 46 rashes 201s eee 
67 49.8|309 27 5141 319 16 81 46 27| Moon SD 15 
15 02.0 NO 00.2 1502.2 000.0 14 34.9 NO 10.8 Age 22d 


14 59.7 SO 00.5 


APPENDIX G: EXTRACTS FROM AIR ALMANAC 


(DAY 153) GREENWICH P. M. 1975 JUNE 2 (MONDAY) 


1 | ] 
GMT © SUN | ARIES | VENUS-3.8 | JUPITER-1.7 | SATURN 0.4 | @® MOON |,,, | Moon- | pig 
GHA Dec. | GHA Y | GHA Dec. GHA Dec. GHA Dec. | GHA Dec set 
h m ° / ° / ° , ° , ° , ° , ° , ° Z ° , ° , ° f 
12 00|| 0 32.6N22 08.5| 70 20.2/311 57 N23 27| 5412N 5 36/321 46 N22 14| 84125 025] 4 
10|| 3 02.6 08.6} 72 50.6/314 27 56 42 32417 86 37 23 75 BA 18 50 
20|| 532.6 08.6| 75 21.0316 57 59 12 326 47 89 03 oh | Ten eae ig 20 
30|| 8026 => 08.7|. 77 51.4|319 27": 61-43% 329 17 © 91:29 50 20] Aner ale dT 
40|| 10 32.5 08.7] 80 218/321 57 64 13 331 48 93 55 28) C2 erate 
50|| 13025 088] 82 52.2|324 27 66 43 334 18 96 21 16 ee ees he 0 
13 00]] 15 32.5. N22 08.8] 85 22.6|326 57 N23 26| 6914N 5 36/336 49 N22 14] 9847S 014]62/12 20] 38 
10|| 1802.5 08.9] 87 53.1| 329 27 71 44 339 19 101 12 12| ol arlene 
20|| 20325 08.9] 90 23.5/331 57 74 14 341 49 Tosesbu 20°11 | Soni tie 2! 
30|| 2302.5 + 09.0] 92 53.9|334 27 - 76 45 - 344 20 - 196904 * #0. 09/22 01241 lc 28 
40|| 25324 09.1] 95 24.3|336 56 79 15 346 50 BO8i30) 66 07 | Fel Mas tine? 
50|| 2802.4 09.1] 97 54.7|339 26 81 45 349 20 TIOWSG* 60 05] Suet ess 
14 00/| 30 32.4. N22 09.2|100 25.1|341 56 N23 26| 8416N 5 36/351 51 N22 14/113 21S 0 03 
10|| 3302.4  09.2/102 55.5|344 26 86 46 354 21 115 47S 0 02] 20) 12 22} 32 
20|| 35 32.4 09.3|105 25.9|346 56 89 16 356 51 11813 000)49/12 22) 30 
30|| 3802.4 - 09.3|107 56.3|349 26 - 91 47 - 359 22 - 120 39 N 0 02] 40] 12 22) 29 
40|| 40 32.3 09.4/110 26.8|351 56 9417 1 52 123 05 04| 32) 12 22) 27 
50|| 43.023 09.4112 57.2| 354 26 96 47 4 22 12530 06/20/12 23) 26 
15 00|| 45 32.3 N22 09.5/115 27.6|356 56 N23 25| 9918N 537| 653N22 14/127 56N 0 07] 29] 12 23| 24 
10|} 48 023 09.5/117 58.0) 359 26 101 48 9 23 130 22 09| 10) 12 23) 22 
20|| 5032.3  09.6|120 28.4| 156 104 18 1154 132 48 11] ,0/12 24) 21 
30]| 53 02.3 09.7/122 58.8) 4 26 - 106 49 - 14 24 - 135 14 13] 10/12 24) 19 
40] 55323 09.7/12529.2| 6 56 109 19 16 54 137 39 15] 29/12 24) 18 
50|| 5802.2 09.8/12759.6! 9 26 11149 19 25 140 05 16/30112 24] 16 
16 00|| 60 32.2 N22 09.8/130 30.0] 11 56 N23 25/114 20 N 5 37| 21 55 N22 14/142 31N 018] 22|22 24) 14 
10|| 63 02.2 09.9/133 00.5| 14 26 116 50 24 25 144 57 20| 40,12 25) 13 
20|| 65 32.2 09.9/135 30.9| 16 56 119 20 26 56 147 23 22|45)12 25) le 
30|| 68 02.2 10.0/138 01.3| 19 26 - 121°5%"- 29 26 - 149 49 24|20|12 25) 10 
40|| 7032.2  10.0/140 31.7| 21 56 124 21 31/56 15214 25/52/12 25| 09 
50|| 7302.1  10.11/143 02.1) 24 25 126 51 34 27 15440 27/54/12 25| 09 
17 00|| 75 32.1 N22 10.1/145 32.5| 26 55 N23 24/129 22N 5 37| 36 57 N22 14/157 06N 0 29] 20) 22 25| 08 
10|| 78 02.1 10.2/148 02.9| 29 25 131 52 39 27 159 32 31| 28] 12 26) 06 
20|| 80 32.1 10.3|150 33.3| 31 55 134 22 41 58 16158  33)60)12 26) 05 
30|| 83 02.1 10.3|153 03.7| 3425 - 136 53° 44 28 - 164°23% 3) 34 
40|| 85 32. 10.4/155 34.1| 36 55 139 23 46 59 166:49* 0.36 
50|| 8802.0 10.4/158 04.6) 39 25 141 53 49 29 16915 38 
18 00]} 90 32.0 N22 10.5|/160 35.0] 41 55 N23 24/144 24N 5 37| 51 59N22 14/171 41 N 0 40] Moon's P. in A. 
10|| 9302.0  10.5/163 05.4| 44 25 146 54 54 30 i74207 0% 42 : 
20|| 9532.0  10.6/165 35.8| 46 55 149 24 57 00 17632400 43 aS 
30|| 9802.0 - 10.6/168 06.2| 49 25 - 151 55°- 59 30 - 17858 - 45 
40||100 32.0 —-:10.7/170 36.6| 51 55 154 25 62 01 18124 47 on 
50||103 01.9. ~+10.7/173 07.0| 54 25 156 55 64 31 18350 49 bi, 
19 00|/105 31.9 N22 10.8/175 37.4| 56 55 N23 23/159 26N 5 37| 67 02 N22 14/18616N 051 58 58 
10]/108 01.9 10.9|178 07.8] 59 25 161 56 69 32 188 42 52 59 57 
20||110 31.9 —-10.9|180 38.3| 61 55 164 26 72 02 19107 54 60 <7 
30|/113 01.9 - 11.0/183 08.7| 6425 - 166 S7e: 74 33 - 19S 33°58. 56 61 
40|]115 31.9 —-:11.0/185 39.1| 66 55 169 27 77 03 19559 058 63 2° 
50]|118 01.8 11.1]188 09.5] 69 24 171 57 79 33 198 25 100 64 24 
20 00|/120 31.8 N22 11.11190 39.9| 71 54. N23 22/174 28N 5 37| 82 04N22 14/20051N 101 65 
10//123 01.8 11.2/193 10.3] 74 24 176 58 84 34 203 16 03 66 
20|/125 31.8 11.2/195 40.7| 76 54 179 28 87 04 205 42 05 67 21 
30//128 01.8 - 11.3/19811.1)] 79 24- 18159 - 89 35 - 208 08 - 07 68 2° 
40//130 31.8 113/200 41.5| 81 54 184 29 92 05 21034 09 70 19 
50|/133 01.7. ~—«:11.4/203 12.0] 84 24 186 59 94 35 213 00 10 71 18 
21 00|/135 31.7 N22 11.4205 42.4| 86 54 .N23 22/189 30 N 5 38] 97 06 N22 14/215 25N 112 72 17 
10}/138 01.7 11.5|208 12.8} 89 24 192 00 99 36 217 51 14 73 16 
20|/140 31.7. ~—«:11.6/210 43.2| 91 54 194 31 102 07 220 17 16 74 15 
30||143 01.7 11.6/233 13.6| 94 24 - 197 01 - 104 37 - 222 43 18 75 14 
40|/145 31.7  —:11.7/215 44.0| 96 54 199 31 107 07 22509 19 13 
50|/148 01.6  11.7/218 14.4] 99 24 202 02 109 38 2277345." 21 us 12 
22 00//150 31.6 N22 11.8/220 44.8/101 54 N23 21|204 32 N 5 38/112 08 N22 14/230 00N 1 23 7g i 
10//153 01.6 | 11.8/223 15.2|104 24 207 02 114 38 339267 |) 25 79 10 
20|/155 31.6  11.9/225 45.6|106 54 209 33 117 09 234952 © 90 37 
30|/158 01.6 + 11.9/228 16.1/109 24 - 212038: 119 36° 23771802) 28 
40|/160 31.6  12.0/230 465/111 54 214 33 122 09 23943 30 
50|/163 01.5  12.0/233 16.9|114 23 217 04 124 40 242409 ¢ #0).32 
23 00//165 31.5 N22 12.1|235 47.3/116 53 N23 21/219 34.N 5 38/127 10 N22 14/244 35.N 1 34 
10/1168 01.5  12.1/238 17.7119 23 222 04 129 40 247301 * 80.35 
20|/170 31.5  12.2/240 48.1|121 53 224 35 132 11 249-27 037 
30||173 01.5 - 123/243 185/124 23 - 227 05 - 134 41 - 25153 - 39! sun sp 15/8 
40|/175 315 12.3/245 48.9/126 53 229 35 137 12 25418 41 a 
50|/178 01.4 12.4|248 19.3}129 23 232 06 139 42 256 44 43| Moon SD 15 
Rate 1459.9 NO 00.3 14 59.7 $0 00.6 | 1502.0 NO 00.2 | 1502.2 000.0 | 14 34.9 NO 108 Age 22d 


APPENDIX G: EXTRACTS FROM AIR ALMANAC 


STAR INDEX, MAY—AUG., 1975 


F4 INTERPOLATION OF 
MOON RISE, MOONSET 
FOR LONGITUDE 
Add if longitude west 
Subtract if longitude east 

Longi- Diff .* 
tude 05 10 15 20 25 30 
¢. m m m m m m 
0 00 00 00 00 00 00 
20 01 01 02 02 03 03 
40 01 02 03 04 06 07 
60 02 03 05 07 08 10 
80 02 04 07 09 11 13 
100 03 06 08 11 14 17 
120 03 07 10 13 17 20 
140 04 08 12 16 19 23 
160 04 09 13 18 22 27 
180 05 10 15 20 25 30 

Longi- Diff.* 
tude 35 40 45 50 55 60 
& m m m m m m 
0 00 00 00 00 00 00 
15 03 03 04 04 05 05 
30 06 07 08 08 09 10 
45 09 10 11 12 14 15 
60 12 13 15 17 18 20 
75 15 ibe 19 21 23 25 
90 18 20 22 25 28 30 
105 20 23 26 29 32 35 
120 23 27 30 33 37 40 
135 26 30 34 38 41 45 
150 29 33 38 42 46 50 
165 32 37 41 46 50 55 
180 35 40 45 50 55 60 

Longi- Diff.* 
tude 65 70 75 80 85 90 
rd m m m m m m 
0 00 00 00 00 00 00 
10 04 04 04 04 05 05 
20 07 08 08 09 09 10 
30 11 12 12 13 14 15 
40 14 16 17 18 19 20 
50 18 19 21 22 24 25 
60 22 23 25 27 28 30 
70 25 27 29 31 33 35 
80 29 31 33 36 38 40 
90 32 35 38 40 42 45 
100 36 39 42 44 47 50 
110 40 43 46 49 52 55 
120 43 47 50 53 57 60 
130 47 51 54 58 61 65 
140 51 54 58 62 66 70 
150 54 58 62 67 71 75 
160 58 62 67 71 76 80 
170 61 66 71 76 80 85 
180 65 70 75 80 85 90 


No. Name Mag. |8.H.A. Dec. 
1* | Alpheratz t 2-2 | 358 13] N. 28 57 
2 | Ankaa 2-4 | 353 44| S, 42 26 
3* | Schedar 2-5 | 35013] N. 56 24 
4* | Diphda t 2-2 349 24] S. 18 07 
5* | Achernar 0-6 | 335 48] S. 57 21 
6* | Hamal ii 2.2 328 33 | N. 23 21 
7* | Acamar 3:1 | 315 40] S. 40 24 
8* | Menkar i 2:8 31445) N. 400 
9* | Mirfak 1-9 | 309 21 | N. 49 46 

10* | Aldebaran 1-1 | 291 22] N. 16 28 

11* | Rigel t 0-3 | 28140] S. 8 14 

12* | Capella 0-2 | 28117] N. 45 58 

13 | Bellatrizx t 1-7 | 279 03| N. 6 20 

14 | Elnath 1 1-8 | 278 49] N. 28 35 

15 | Alnilam t TS 2 (Onl Onley elec 

16* | Betelgeuse { |0-1-1-2] 271 32 | N. 7 24 

17* | Canopus —0-9 | 26409] S. 52 41 

18* | Sirius f |—1-6 | 25859] S. 16 41 

19 | Adhara t 1-6 255 35 | S. 28 56 

20* | Procyon t 0:5) 245/300 Ne oi 

21* | Pollux t 1.2 244 03 | N. 28 05 

22 | Avior 1-7 | 234 30] S. 59 26 

23* | Suhail 2-2 223 14} S. 43 20 

24* | Miaplacidus 1-8 | 221 46| S. 69 37 

25* | Alphard +| 2.2 |21824| S. $33 

26* | Regulus t 1-3 | 208 14| N. 12 05 

27* | Dubhe 2-0 194 27 | N. 61 53 

28* | Denebola t 2-2 | 183 03] N. 14 43 

29* | Gienah t 2:8) |) 16.22) |S. 1725 

30* | Acrux 1-1 | 17341] S. 6258 

31 | Gacruz 1-6 | 172 33] S. 56 59 

32* | Alioth 1-7 | 166 46 | N. 56 06 

33* | Spica t 1-2 159 01 | S. 11 02 

34* | Alkaid 1-9 | 153 21] N. 49 26 

35 | Hadar 0-9 | 149 28) S. 60 16 

36 | Menkent 2:3 | 148 41] S. 3615 

37* | Arcturus t 0-2 | 146 22} N. 19 19 

38* | Rigil Kentaurus 0-1 | 14030) S. 60 44 

39 | Zubenelgenubi ft 2-0 |ilov oi som ono g 

40* | Kochab 2-2 | 13718] N. 74 16 

41* | Alphecca + | 2-3 | 126 35 | N. 26 48 

42* | Antares t 1-2" | 113 01 |) S; 26 23 

43 | Atria 1-9 | 108 28] S. 68 59 

44 | Sabik t 2-6 102 45 | S. 15 42 

45* | Shaula 1-7 97 00 | S. 37 05 

46* | Rasalhague t 2-1 96 33 | N. 12 35 

47 | Eltanin 2-4 90 59 | N. 51 30 

48 | Kaus Australis 2-0 84 21 | S. 34 24 

49* | Vega 0-1 80 58 | N. 38 46 

50* | Nunki i 2-1 76 33 | S. 26 20 

51* | Altair if 0-9 62 36|N. 8 48 

52* | Peacock 2-1 54 03 | S. 56 49 

53* | Deneb 1-3 49 51 | N. 45 12 

54* | Enif t 2-5 3415|N. 9 46 

55 | Al Nair 2-2 28 19} S. 47 05 

56* | Fomalhaut t 1-3 15 55 | 8. 29 45 

57 | Markab t 2-6 14 07 | N. 15 04 


* When negative subtract correction if longitude 


west, and add if east. 


*Stars used in H.O. 249 (A.P. 3270) Vol. 


Ie 


{Stars that may be used with Vols. 2 and 3. 


673 


674. 


APPENDIX G: EXTRACTS FROM AIR ALMANAC 


SUNRISE 
Lat. Dec. January February Ht 
30 2 5 8 ing 14 7, 20 23 26 29 I 4 Wf 10 

om hy Ent? ne mie RP ye Ay im!) ae ine eine te moe a RM is Reem een eee one eeu ° 
N72 ex =a om leas = =a = = mm 1204 II 03 10 33 1009 09 48 09 28| N72 
70 | om as Pe) = ce] am 1205 IIII 1046 1025 1006 09 49 09 33 0917 09 02 70 
68 a me II 34 Il 13 1056 I0 41 1027 10 13 0959 09 46 09 33 09 20 09 08 08 55 08 42 68 
66 | 10 31 1027 I102t 10 14 1006 09 58 09 49 09 39 29 09 19 0909 08 59 08 48 Sy) 26 66 
64 | 09 51 09 49 09 45 09 41 09 35 29 22 0915 0907 08 59 08 50 42 32 23 14 64 
62 24 22 20 09 16 09 12 0907 09 02 08 56 08 49 43 35 27, 19 Ir 08 03 62 

N 60 | 09 03 09 02 0900 08 58 08 54 0850 08 46 08 4o 08 35 08 29 08 22 0815 08 08 08 or 07 53| N60 
58 | 08 46 08 45 08 44 42 39 36 32 27 22 17 II 0805 07 59 07 52 45 58 
56 32 31 30 28 26 23 20 16 12 0807 08 02 07 56 50 44 38 56 
54 19 19 18 17 15 12 09 08 06 08 02 0758 07 53 48 43 37 32 54 
52 | 08 08 08 08 08 07 08 06 08 05 08 02 08 00 07 57 07 54 50 40 41 36 31 26 52 
N50 | 07 58 07 58 0758 0757 07 56 07 54 07 52 07 49 07 46 07 42 07 39 07 35 07 30 0725 07 21| N50 
45 38 38 38 38 37 36 34 32 30 27 24 21 17 13 09 45 
40 22 22 22 22 22 21 20 18 16 14 I2 0709 0706 07 03 0700 40 
35 | 0707 0708 07 08 0708 0708 07 08 0707 0706 0705 0703 07 0F 0659 0657 0655 06 52 35 
30 | 06 55 0656 06 57 0657 0657 0657 06 56 0656 0655 06 54 06 52 51 49 47 45 30 
N 20 | 06 34 06 35 06 36 06 37 06 37 06 38 06 38 06 38 06 38 06 37 06 37 06 36 06 35 06 33 06 32| N2o 
N 10 | 06 16 17 18 19 20 21 22 22 22 23 23 23 22 22 21| Nio 
© | 05 59 0600 0602 0603 0604 0605 0606 0607 0608 0609 0610 0610 06 IO Ob II II ° 

S Io 41 05 43 05 44 05 46 05 48 05 49 05 51 05 52 05 54 0555 05 56 05 57 05 58 05 59 0600] S 10 
20 23, 24 BST SO | es SY ea cies aitopmern ee ork 45 47 0549} 20 
S 30 | 05 OL 05 03 0505 0507 05 10 05 12 0515 0517 05 20 05 23 05 25 05 28 05 31 05 33 05 30] S 30 
35 |04 48 04 50 04 52 04 55 04 57 05.00 05 03 05 06 05 09 13 16 19 22 25 28 35 
40 33 35 38 41 44 04 47 04 50 04 54 04 57 05 OT 05 04 05 08 12 16 19 40 
45 | 04 15 04 18 04 21 24 27 31 35 39 43 94 47 04 51 04 56 05 00 0505 05 09 45 
50 | 03 53 03 56 03 59 04 03 04 07 II 15 20 25 30 35 49 04 46 04 51 04 56 50 

S 52 | 03 42 03 45 03 49 03 52 03 57 04 OL 04 06 04 II 04 17 04 22 04 28 04 33 04 39 94 45 04 50] S 52 
54 30 33 37 41 46 03 51 03 56 04 OL 04 07 13 19 25 31 38 44 54 
56 | 03 16 19 23 28 33 38 44 03 50 03 57 04 03 04 10 16 23 30 37 56 
58 | 02 59 03 03 03 08 03 13 0318 24 31 37 44 03 52 03 59 04 06 14 21 29 58 
S 60 | 02 39 02 44 02 49 02 54 03 00 03 07 0315 03 22 03 30 03 38 03 46 03 54 04 03 04 11 04 19! S 60 

SUNSET 
ae Dec January February it 
30 2 5 8 II 14 17/ 20 23 26 29 I 4 7 10 

Ole De me Bhi tm (bom «him Bim hemch me h m bm hom bo mi hom kh om. che m h m ° 
N72| = = om = = we = = mm 1225 1324 1355 1420 14 42 1502| N72 
70 | = = = = =n me S20 TST 13930) Hq Or a4 2k ABO 456 15 re 28 70 
68 = m= 12 36 1300 13 20 13 37 13 54 1409 1425 14 39 14 54 I5 08 15 21 35 15 48 68 
66 | 13 33 13 41 13 49 13 59 1409 1420 14 32 14 43 14 55 1506 1518 29 4I 15 52 1603 66 
64 | 14 13 1419 14 25 14 32 14 40 14 49 1458 1507 1517 27 36 15 46 15 56 1606 16 64 
62 |14 40 14 45 1450 1457 I5 03 I5 10 15 18 26 35 43 15 52 1600 1609 18 277 62 

N 60 | 15 02 15 06 15 10 15 16 15 22 15 28 15 35 15 42 15 49 1557 1605 1612 1620 1628 16 36] N60 
58 19 22 27 32 Sif 43 15 49 15 55 1602 16 09 15 23 30 37 44 58 
56 337 AeSige ® ates 45 15 50 1555 1601 1606 12 TO e250 Ze soe aoe Se 56 
54 46 15 49 15 53 1557 1601 1606 II 16 22 28 34 40 40 52 1658 54 
52 | 15 57 1600 1603 1607 Il 16 20 25 30 36 41 47 52 1658 17 03 52 
N50 | 1606 1609 1613 1616 1620 1624 1629 16 33 1638 16 43 1648 1653 1658 1703 1709] N50 
45 27 29 32 35 39 42 1646 1650 1654 1658 1703 1707 I711I 16 20 45 
40 44 1646 1648 1651 1654 1657 1701 1704 1708 1711 15 18 22 25 29 40 
35 |1657 1700 1702 1704 1707 1710 13 16 19 22 25 28 31 34 37 35 
30 | 17 10 12 14 16 19 21 24 26 29 32 34 37 39 42 44 30 

N 20 | 17 31 17 32 1734 17 36 1738 1740 17 42 1744 1746 17 48 1750 1752 1753 1755 1757 | N20 
Niro | 1749 1750 1752 1754 1755 1757 1758 1800 1801 1802 1804 1805 1806 1807 1807] Nio 
o | 1806 1807 1809 1810 1811 1812 18 14 14 15 16 17 17 17 18 18 te) 

S 10 24 25 26 27 28 29 29 29 30 30 30 30 29 29 28| S 10 
20 | 18 42 18 43 18 44 18 45 18 45 18 46 18 46 18 46 1845 1845 18 44 43 42 41 39 20 

S 30 | 19 04 1905 1905 1906 1906 1905 1905 19 04 19 03 19 02 1900 1859 1857 1855 18 52] S 30 
35 17 17 18 18 18 17 16 15 14 12 10 19 08 19 05 19 03 19 00 35 
40 32 32 32 32 31 30 29 28 26 24 or 18 15 12 feke) 40 
45 |19 49 1950 19 49 19 49 19 48 19 46 1945 1942 40 37 34 31 27 23 19} 45 
50 | 2012 2012 201I 2010 2008 2006 2004 2001 19 58 19 54 50 46 41 36 31 50 

S 52 | 2022 2022 2021 2020 2018 2016 2013 2009 2006 2002 1957 1953 19 48 19 42 19 37| S 52 
54 34 34 33 31 29 26 23 19 15 II 2006 2001 19 55 49 43 54 
56 | 20 48 20.48 20 46 44 41 38 35 30 26 21 15 09 20 03 19 57 50 56 
58 | 2105 2104 21 02 2059 2056 20 52 20 48 43 38 32 26 19 13 2006 19 58 58 

S 60 |21 25 21 23 2121 2118 2114 2109 21 04 2058 2052 2045 2038 2031 2023 2015 2007! S 60 


APPENDIX G: EXTRACTS FROM AIR ALMANAC 


MORNING CIVIL TWILIGHT 


Dec. January February Wat 
30 2 5 8 II 14 17 20 23 26 29 I 4 7 10 ; 
h m hm h m h m h m h m h m h m h m h m h m hm h o h m h m ° 

IO 49 I0 41 10 32 1021 I0 10 09 58 09 46 09 33 09 21 0908 08 55 08 41 08 28 08 r4 08 or | N72 

09 52 09 49 09 44 09 38 09 30 09 22 09 14 09 04 08 54 08 44 33 22 08 1m 08 00 07 48 70 

09 19 09 16 09 13 09 08 09 03 08 57 08 50 08 42 34 26 17 0807 07 58 07 48 37 68 

08 54 08 53 08 50 08 47 08 42 37 32 25 18 08 11 08 03 07 55 46 38 28 66 

35 34 32 29 26 21 17 08 Ir 08 05 0759 07 52 45 37 29 21 64 
19 18 17 15 12 08 08 08 04 0759 07 54 48 42 36 29 22 14 62 
08 06 08 05 08 04 08 02 08 00 07 57 07 53 07 49 07 44 07 39 07 34 07 28 07 22 0715 0708] N60 
S77 D4 97 3. Ofeo (97 49 47 44 40 36 31 26 21 15 09 07 03 58 
44 44 44 42° 41 305 35). 32 29. 24 20 15 10 ©6004 06 58 | 56 
36 35 35 34 32 30 28 25 oye) 18 14 09 05 07 00 54 54 
27. 28 27 26 25 23 21 18 15 12 08 04 0700 06 55 50 52 

07 20 07 20 07 20 0719 0718 0717 0715 07 13 07 10 0707 07 03 0700 0656 0651 06 47| N50 

07 04 0705 0705 07 04 07 04 07 03 07 OI 0700 0658 0655 0652 06 49 40 43 39 45 

06 51 06 52 0652 06 52 06 52 0651 0650 06 49 47 45 43 41 38 35 32 40 

39 40 «4004 41 4O"™ 40°" 3900 384 36 35. 53) Steen 20 eee coll 35 
29 30 30 31 31 31 31 30 29 28 27 26 24 22 20 30 
0610 O68 IT 0612 0613 O06 14 0614 0614 0614 0614 0614 0613 0613 0612 0611 O0610| N20 
05 53 95 54 05 55 05 56 0557 05 58 0559 0600 0600 0601 O06 Of 0601 0600 0600 0600] Niro 
31 np SER Se i 43. 44 95 45 05 46 05 47 05 48 05 48 05 49 05 49 05 49 ° 

05 18 20 22 23 25 27 28 30 31 33 34 35 36 38 38) S 10 

04 58 05 00 05 02 0504 0506 05 08 0510 05 12 0514 0516 05 18 20 22 24 26 20 

04 33 04 35 04 38 04 40 04 43 04 45 04 48 04 51 04 54 04 56 04 59 05 02 0505 05 08 05 10} S 30 

18 20 23 26 28 31 35 38 41 44 48 04 51 04 54 04 58 0501 35 

04 00 04 03 0405 04 08 04 12 0415 04 19 22 26 30 34 38 42 46 04 50 40 

03 38 03 41 03 44 03 47 03 51 03 55 03 59 04 04 04 08 04 13 04 18 22 27 32 37 45 

03 09 03 12 15 19 24 29 34 03 39 03 45 03 51 03 56 04 02 04 08 TA 20 5° 

02 54 02 57 03 OL 0305 03 10 03 16 03 21 03 27 03 34 03 40 03 46 03 53 0359 0406 0412] S 52 

36 40 02 44 02 49 02 55 03 OF 03 07 03 14 20 27 34 42 49 03 56 04 03 54 

02 14 0219 02 24 29 36 02 43 02 50 02 57 0305 03 13 21 29 37 45 03 53 56 

OI 45 OI 50 OI 57 0204 0212 02 20 28 37 02 46 02 56 0305 0314 23 32 41 58 

00 58 O1 07 OI 16 OI 27 OF 38 OL 49 02 00 0212 02 23 02 34 02 45 02 56 0306 0317 0327] S 60 

EVENING CIVIL TWILIGHT 

Dec January February tae 
30 2 5 8 Ti) MEA aer7, N20) 23 h26) 2829) (es 4 7, 10 s 
bY Par ph Bi pe Gee LE ey ll Fa Ga ho OE ey | WE Bai MW en ey ey OU Sah ah py ee onl eh pad ° 
13 16 13 26 13 39 13 52 1406 4 20 14 35 14 49 15 04 15 18 15 33 15 47 1601 1615 1629] N 72 
1412 I4 19 1427 14 36 1445 1456 1507 15 18 30 15 42 15 54 1606 18 30 42 70 
14 40 14 51 1457 1505 15 13 15 21 30 40 I5 50 1600 16 10 21 31 42 16 53 68 
15 I0 I5 15 I5 20 27 33 4I 15 49 15 57 1606 15 24 33 42 1652 17 O1 66 

30 34 38 44 15 50 15 57 1604 1611 19 27 35 43 1052 1700 09 64 
45 15 49 15 54 15 58 1604 1610 16 23 30 37 45 1652 1700 08 16 62 

15 59 1602 1606 1611 1616 1621 1627 16 33 1640 1646 16 53 1700 1707 1714 17 21 | N60 

16 Io 13 17 21 26 31 36 42 48 1654 17 00 07 13 20 26 58 
20 23 27 31 35 40 45 50 1656 1701 07 13 19 25 31 56 
29 32 36 39 43 48 52 1657 1702 08 13 18 24 30 35 54 
38 40 43 47 51 1655 1659 17 04 09 13 18 23 29 34 39 52 

16 45 1647 1650 1654 1657 I7 O1 1705 1710 1714 1719 17 23 17 28 17 33 1738 1742] N50 

17 OF 17°03) 1706 17:09 17 12 15 19 23 26 30 34 38 42 46 50 45 
14 16 19 2 24 27 30 33 37 40 43 47 5° 17 54 1757 40 
26 28 30 32 35 38 40 43 46 49 52 1755 1758 1800 18 03 35 
36 38 40 17 42 1745 1747 1749 1752 1754 1757 1759 1802 1804 07 09 30 

1755 1756 1758 1800 18 02 1804 1806 1808 1809 1811 1813 1815 1816 1818 1819] N20 
1812 1813 18 15 16 18 19 21 22 23 25 26 27 28 28 29| Niro 

29 30 32 33 S45 3637 37 38 38 Se 3D) 39) 39 0 

18 47 18 48 18 49 1850 1850 1851 18 52 1852 18 52 1852 1852 1852 1851 1851 1850] S 10 
19 07 19 08 19 08 19 09 19 09 19 10 19 IO 1909 1909 19 08 1907 19 06 1905 19 04 I9 02 20 
19 3I I9 32 19 32 I9 33 19 33 19 32 1931 1931 1929 19 28 1926 19 24 19 22 19 20 19 18| S 30 
19 46 19 47 19 47 19 47 19 47 19 46 19 45 43 42 40 38 35 33 30 27 35 
2005 2005 2005 2004 2003 2002 200% 1959 1957 1954 19 5% 19 48 19 45 42 38 40 

27 27 26 25 24 22 20 2017 2014 2011 2008 2004 2000 1955 19 5I 45 

20 56 2056 2054 20 53 2051 20 48 45 41 37 33 28 24 18 2013 2007 50 

21 II 21 10 2109 2107 21 04 2101 2057 2053 2049 20 44 20 39 20 33 2027 2021 2015] S 52 
28 27 25 23 19 16 23 11 2107 21:02 20°56 20°50 44 38 31 24 54 

21 50 21 48 21 46 21 42 21 38 34 28 23 17 21 10 21 03 2056 2049 42 34 56 
22 19 2216 2212 2207 2202 21 56 21 49 21 42 35 27 19 21 II 21 03 20 54 46 58 
23 04 2258 2251 22 44 2235 2226 2217 2207 21 58 21 48 21 38 21 29 21 19 2109 2059] S 60 


675 


APPENDIX G: EXTRACTS FROM AIR ALMANAC 


SUNRISE 
Fea Apr. May June wes 
29 2 5 8 II 14 17 20 23 26 29 I 4 7 10 

oul eho im Rm heim) Shim  Shoom | eho ms Ob mi Shem) Chem eh mee oem heen hs er een em em 5 
N 72 | 0214 01 50 0122 0041 © ao = =i SI =] =) = Oo o = |N72 
70 | 02 47 0229 O2II OI 5I OI 29 O01 02 0012 =) i=) oS = = j=) re| 70 
68 | 03 10 02 56 02 42 02 28 0212 OI 57 OI 40 OI 21 OL 00 0029 = = o =| 68 
66 28 0317 0305 0253 0241 0229 0217 0205 OI 53 OF 41 OF 28 OI I5 OI O2 00 48 00 33 66 
64 43 33 23 03 12 0302 02 53 02 43 34 02 25 0216 0207 0200 OI 52 OI 46 OI 40 64 
62 | 03 55 46 37 28 20 03 II 03 03 0255 02 48 02 41 34 28 02 23 0219 02 15 62 
N 60 | 04 05 03 57 03 49 03 41 03 34 03 26 0319 0313 0306 0301 0255 0250 02 406 02 43 02 40| N 60 
58 I5 0407 04 00 03 53 46 39 33 27 22 17 03 12 03 08 0304 0301 0259 58 
56 22 16 09 04 02 03 56 03 50 45 40 35 30 26 23 20 I7 0315 56. 
54 29 23 17 It 04 06 04 00 03 55 03 50 46 42 39 35 33 31 29 54 
52 36 30 24 19 14 09 04 04 04 00 03 56 03 52 49 46 44 42 41 52 
N 50 | 04 41 04 36 04 3I 04 26 04 21 0417 04 12 04 09 04 05 04 02 03 59 03 56 03 54 03 53 03 51| N 50 
45 | 94 54 04 49 45 41 37 33: 30 27 24 21 04 19 O04 17 04 15 04 14 04 13 45 
40 | 05 04 0500 04 56 04 53 04 49 46 44 41 39 37 35 33 32 31 31 40 
35 12 ©9 05 06 05 03 0500 04 58 04 56 04 53 04 52 04 50 04 49 47 ApT 46 46 35 
30 20 17 14 12 10 05 08 05 06 05 04 05 03 0501 0500 04 59 0459 04 58 04 58 30 
N 20 | 05 32 05 31 05 29 05 27 05 26 05 25 05 23 05 22 05 22 05 21 05 20 05 20 05 20 05 20 05 20] N 20 
N 10 44 43 42 41 AO) 300g 30) S50) eS eSSu 635) 99s. 398 3550 833) Nato 
© | 05 54 05 54 05 53 05 53 05 53 05 53 95 53 05 53 05 53 0553 95 54 95 54 0555 9555 05 56 ° 

S 10 | 0604 0604 0605 0605 0606 0606 0607 0607 0608 0609 06 10 0610 O06 Ir 0612 0613] S 10 
20 15 16 17 18 19 20 21 23 24 25 26 27 29 30 31 20 

S 30 | 06 27 06 29 06 31 06 33 06 35 06 37 06 38 06 40 06 42 06 44 06 46 0647 06 49 0650 0651 | S 30 
35 34 37 39 41 44 46 48 06 50 06 53 0655 0657 0659 07 00 07 02 07 03 35 
40 42 45 48 06 51 0654 0657 0659 0702 0705 0707 0709 07 I2 14 16 E7, 40 
45 | 06 51 0655 0659 07 02 0706 0709 07 I2 16 19 22 25 27 30 32 34 45 
50 | 07 02 0707 O7I1 16 20 24 28 32 30 40 43 46 49 07 52 07 54 50 

S 52 | 0708 0712 0717 07 22 07 27 07 31 07 36 07 40 07 44 07 48 07 52 0755 0758 o8 01 0804/5 52 
54 13 19 24 29 34 39 44 49 97 53 07 58 08 02 0805 08 09 12 14 54 
56 20 25 31 37 42 48 07 53 0758 08 03 08 08 12 89) 20 24 27 56 
58 26 33 39 46 07 52 0758 0804 08 I0 15 20 25 30 34 38 41 58 

S 60 | 07 34 07 41 07 49 07 56 08 03 0809 08 16 08 22 08 29 08 34 03 40 08 45 08 50 08 54 08 58! S 60 

SUNSET 
Lat. Apr. May June Lat. 
29 2 5 8 TE Pers 17 20 23 26 29 I 4 7 10 

o/h) m0 ih om SR mah! im Sh im SB om bm hb) om gh a Pim on om ma Pb Sta GAS oy hy =m 5 
INV 722047 22.00 22047 22303 51 3 Oo o =| == =| = = = = N 72 
70) |\)21 02 2% 20) 21 47 22)07 022/30 23,01 | ie =) =| Ss f=] =| oo Sa =) 70 
68) 20:48" 21 Of, 2115) 21 30.21 45 22,00 22.18 22°37, 23,01 23,43 ja == fe f= f= 68 
66 Z2Q)\ 20)A0) 201525 21103) 2) 1592027) 520,30) 20, 51 221040 22 17122130) 22) 44 122,58 1 23pL4) 23152 66 
64 14 24 33) 20143) 20/53, 20:02, 2052 222 20,31) 21) 40—21 40) 20958. 22-00,.22113 522120 64 
62 | 2002 2010 18 27 35 20 43 2051 2059 2107 2115 22 28 21 34 21 40 21 45 62 

N 60 | 19 51 19 59 2006 2013 2021 2028 20 35 2042 2048 2055 21 OL 2106 21 11 2116 21 20| N 60 
58 42 48 19 55 2002 2008 15 21 277 33 38 20 43 20 48 2053 2057 21 00 58 
56 34 40 46 19 52 19 58 2003 2009 14 20 24 29 33 37. 41 20 44 56 
54 27, 32 38 43 48 19 53 19 58 2003 2008 13 077) 21 24 27 30 54 
52 20 25 30 35 40 45 49 19 54 19 58 2002 2006 09 13 15 18 52 

N 50 | 1915 1919 19 24 19 28 19 33 19 37 19 41 19 45 19 49 1953 1956 2000 2002 2005 2097] N 50 
45 | 19 02 19 06 19 09 13 17 20 24 27 30 33 36 19 39 19 41 19 43 19 45 45 
4o | 18 52 1855 1858 I9 01 19 04 1907 19 09 E2 15 18 20 22 24 26 28 40 
35 43 46 48 18 50 18 53 1855 1858 1900 1902 1904 19 06 19 08 I9I0 19 12 13 35 
30 36 37 39 41 43 45 47 18 49 18 51 1853 18 54 18 56 1858 1859 19 00 30 
N 20 | 18 23 18 24 18 25 18 26 18 27 18 28 18 29 18 31 18 32 18 33 1834 18 35 18 37 18 38 18 39| N 20 
N 10 II 12 12 13 13 14 14 15 16 16 17 18 19 19 20| Niro 
0 | 1801 1800 1800 1800 1800 1800 1800 1800 1800 1801 1801 1801 1802 1802 18 03 ° 

S 10 | 1751 1750 1749 17 48 1747 1746 17 46 1745 1745 1745 1745 1745 1745 17 46 17 46|S ro 
20 40 38 36 35 33 32 31 30 29 28 28 28 28 28 28 20 

S 30 | 1727 1725 1722 1720 1718 1716 1714 1712 I7 It 1710 1709 1708 1707 1707 1707] § 30 
35 20 17 14 II 1709 1706 1704 1702 1700 1659 1657 1656 1656 1655 1655 35 
40 I2 1709 1705 1702 1659 1656 1653 1651 16 48 46 45 43 42 41 41 40 
45 | 1703 1658 1654 1650 47 43 40 37 34 32 30 28 27 25 25 45 
50 | 16 52 47 42 37 32 28 24 20 17 14 II 09 1607 1605 1604 50 

S 52 | 1647 1641 16 35 1630 1625 1621 1616 1612 1609 1605 1602 1600 1558 15 56 15 55,| S 52 
54 41 35 29 23 18 13 1608 1604 1600 15 56 15 53 1550 47 45 44 54 
56 35 28 22 15 10 1604 15 59 15 54 15 49 45 42 38 30, 33 32 56 
58 28 20 13 1607 1600 15 54 48 43 38 33 29 25 22 19 17 58 

S 60 | 1619 1612 1604 15 56 15 49 15 43 15 36 15 30 15 24 1519 1514 I5 10 1506 1503 1500|S 60 


APPENDIX G: EXTRACTS FROM AIR ALMANAC 


MORNING CIVIL TWILIGHT 


Lat. Apr. May June tae 
29 2 5 8 II 14 17 20 23 26 29 I 4 bf 10 

Ovi ae hen, shea Aan ) TO Ye) SNS cm YDS Yasmine) ton Yew VR «Yee } Wah JOM cote) Yen Co oe ed Wek Ome Cy (Um) | Qh CN ° 
N72) //// Jill TINT i =) —) jo i) =| = p=) esd (= f= N72 
TON Hh ABT AUTEN TEE SES iii! [= [a= =| Oo fom = i= (=I 70 
AMjorss-erodrboes fii) iit Hi Hu dd Til Ww es Se oS eS le 68 
66 | 02 12 of 54 Of 34 OL 10 0037 //// f/ii Tilt TINE TATE TL TELE EE EEE 66 
64 38 02 24 0210 oF 54 Of 38 01 20 0059 0027 //// J/ii Till TIT EET 64 
62 | 02 58 02 46 35 02 23 O2 II OF 59 OF 46 OF 32 OF 18 O01 03 0044 0015 //// J/i/ III 62 
N 60 | 03 14 03 04 02 54 02 44 02 35 0225 0215 0205 Or 56 O1 46 OL 37 OF 28 OF 20 01 11 OF 04| N 60 
58 27 19 03 10 03 02 02 53 02 45 37 29 02 22 0215 0208 0202 OI 56 OI 51 OI 47 58 
56 39 31 23 16 03 09 03 OI 02 55 02 48 42 36 31 26 02 21 0218 0214 56 
54 49 42 35 28 22 I5 03 09 03 04 02 58 02 53 02 49 02 45 41 38 36 54 
52 | 03 58 51 45 39 33 27 22 17 03 12 03 08 03 04 0300 02 57 0255 02 53 52 
N 50 | 04 05 03 59 03 54 03 48 03 43 03 38 03 33 03 28 03 24 03 20 0317 0314 0311 0309 0307| N50 
45 22 04 17 O04 12 04 07 O4 03 03 59 03 55 03 52 03 49 03 46 03 43 03 41 03 39 37 36 45 
40 35 31 27 23 19 04 16 04 13 04 10 04 07 04 05 04 03 04 OI 04 00 0359 03 58 40 
35 45 42 39 36 33 30 27 25 23 21 20 18 17 04 16 04 16 35 
30 | 04 55 04 52 04 49 04 46 04 44 04 42 04 40 38 36 35 33 32 32 31 31 30 

N 20 | 05 10 05 08 05 06 05 04 05 03 05 01 0500 04 59 04 58 0457 0456 0456 0455 04 55 04 55| N20 
N 10 22 20 20 19 18 07, 16 05 16 0515 0515 0515 0515 0515 0515 0515| Nio 
0 33 32 32 31 31 31 31 31 31 31 31 32 32 33 33 ° 

S 10 43 43 43 43 44 44 44 45 95 46 05 46 05 47 05 48 05 48 05 49 05 50| S 10 
20 | 05 52 05 53 905 54 0555 0556 05 57 05 58 05 59 0600 0602 0603 0604 0605 0606 0607 20 
S 30 | 06 03 06 04 0606 0608 06 10 0611 0613 0615 0616 0618 0620 0621 06 23 06 24 0625] S 30 
35 08 10 12 15 17 19 21 23 25 27 29 31 32 34 30 35 
40 14 17 20 22 25 27 30 33 35 Sif 40 42 44 45 06 47 40 
45 21 24 28 31 34 37 40 43 46 06 49 06 52 0654 0656 0658 07 00 45 
50 28 33 37 41 45 49 52 06 56 0659 07 03 0706 0709 07 II 0714 16 50 

S 52 | 06 32 06 37 0641 0645 0650 0654 0658 0702 0706 0709 0712 0716 0718 0721 07 23| S 52 
54 36 41 46 50 06 55 0659 07 04 08 12 16 20 23 26 29 31 54 
56 40 45 5I 0656 0701 07 06 10 15 19 24 27 31 34 37 40 56 
58 44 50 0656 07 02 07 13 18 23 28 32 36 40 44 47 07 50 58 
S 60 | 06 49 06 56 0702 0708 0714 07 20 07 26 07 31 07 37 07 42 07 46 0751 0755 0758 0801'S 60 

EVENING CIVIL TWILIGHT 
| 
Lat. Apr. May June Lat. 
29 2 5 8 II 14 17 20 23 26 29 I 4 Of 10 

On} eh) omike een) omy em: on ome Rimes ho om hom) ym! hy Gm ms Rm) he mr he meee hom ° 
N72) //// Jil fl TI = = =o = = = = — = = = |N72 
CO EE EEE A EE UE = = i ae = = = = = 79 
he | ea) ete) eee WINE THM THE TIE TB HIE TE TUDE i) = — = = 68 
OG5 i271 48522100022) 260 227515 23033 ee HN LAN AL mm MeLITAI meen LL Lat /cLHT i amr eT ULL 66 
64 21 21 34 21 48 2203 2220 2239 2302 2350 //// J//// Jill Tilt Tit oP ATES 64 
62 | 21 00 21 11 222133) 2L ASR 2259 122 UL 22125) 22.40) 227557 23, LS ile MMe ALL 62 

N 60 | 20 43 2053 2102 2111 21 21 21 30 21 40 21 50 2200 2210 2220 22 30 22 39 2248 22 56)| N60 
58 30 38 2045 2054 2102 21 10 18 26 21 34 21 41 21 48 2155 2202 2208 2213 58 
56 18 25 32 39 2046 20 53 2100 2107 21 13 20 26 Zt 2 36) 2F 421 45 56 
54 | 20 08 14 20 26 33 39 20 45 2051 2056 21 02 2107 21 12 16 20 23 54 
52 |19 59 2004 10 16 21 27 32 37 42 2047 2052 2056 21 00 21 03 21 06 52 
N50 | 19 51 1956 2001 2006 2011 2016 2021 2026 20 30 20 34 20 38 2042 2046 2049 2051| N50 
45 34 38 19 42 19 46 1950 19 54 1958 2002 2005 2009 2012 2015 2018 2020 23 45 
40 21 24 28 31 34 37 40 19 43 19 46 19 49 19 52 1954 1957 19 59 2000 40 
35 Io 13 15 18 21 23 26 28 31 33 35 37 39 41 19 43 35 
30 | I9 Ol 19 03 1905 1907 1909 I9II 1913 I9 15 1917 I919 1921 23 25 26 28 30 
N20 | 18 46 18 47 18 48 18 49 18 50 18 52 1853 1854 1856 1857 1858 1900 1901 1902 1903| N20 
N tro B35 yess) rsdn S40 355 1360 1136)" 3738! 939m mde R18 47 S41 7842/48/43) EN ro 
ts) 22 22 22 22 22 22 22 22 22 23 23 24 24 25 25 () 

S 10 12 Ir 1810 1809 1809 1808 1808 1808 1807 1807 1807 1808 1808 1808 1808) S 10 
20 | 1802 1801 1759 1758 1756 1755 1754 1753 1753 17 52 1752 1751 1751 1751 17 52 20 
S 30 | 1752 1749 1747 1745 1743 1741 1739 1738 1737 1736 1735 1734 1733 1733 1733| S 30 
35 46 43 41 38 35 33 31 29 28 260 © 25 24 24 23 23 35 
40 40 37 34 30 27 25 22 20 18 16 15 13 2 angele KGL 40 
45 33 29 25 22 18 15 I2 1709 1707 1704 1703 1701 1700 1659 1658 45 
50 26 21 16 12 07 1703 1700 1657 1654 1651 1648 1646 1645 43 43 50 
S$ 52 | 1722 1717 1712 1707 1702 1658 1654 1651 1647 1644 1642 16 40 16 38 16 36 16 35| S 52 
54 18 13) 907702716557, 52 48 44 41 37 34 32 30 28 27 54 
56 14 08 1702 1656 51 46 42 37 33 30 27 24 22 20 18 56 
58 IO 1703 1657 51 45 39 34 29 25 21 18 15 12 1610 1608 58 

S 60 | 1705 1657 1650 1644 16 38 16 32 1626 1621 1616 1612 1608 1604 1601 15 59 15 57 S 60 
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RISING, SETTING AND DEPRESSION GRAPHS 


TABLE 1—MERIDIAN PASSAGE AND TABLES 2 and 3—DEPRESSION OF 
DECLINATION OF THE SUN AT 125 G.M.T. THE SUN AT VARIOUS HEIGHTS 
May June July August 
bs TABLE 2 TABLE 3 
ahead eh, Mer i Mer. Bs Mer. Dec, | Height | AT SUNRISE] AT CIVIL 
Pass. "| Pass. "| Pass. "| Pass, : ANDSUNSET| TWILIGHT 
hm = hm 2 hm =) hm e Dee Diff. De Diff. 
1/1157 N.15-0]1158 N.22-0]1204 N.23-1/1206 N.18-1] Feet - | from - | from 
pression 0°:8 pression 0°:8 
2 il Sc ihe | ies) Seige 9312 00. 17-0 
3/1157 15-6/1158  22.3/1204  23-0/1206 17-6 : ; ; ; 
4511 S75,,. 13,01 158 a 2 04) Sooo ig de: ize aol eade ei 60 5.2 
5 lel1 Svar qe 16; 211,83 see eee phe OAL, au22:Bpl 2,06, po alga 500 | MES a8 Bi 5.0 
6 | 1157 N.16-4/ 1159 N.22.6/1205 N.22-7/1206 N.16-8 
71457 16-711159 | 22-7|1205  22.6/1206 16.5 : ae et an es a 
8/1156 17-0)1159 22-8 | 1205 =. 22-5) 1206 = 16-2] 3 o99 | 1.9 a i 53 
9/1156 17-3) 1159 22-9] 1205 = 22-4] 1206 = 16-0] 4 ogg | 24 3 aa 5.3 
0/1156 17-5/1159 23-0] 1205 = 22-3} 1205 15-7] 5 999 | 99 ae As 5d 
11} 1156 N.17-8|1159 N.23-1|1205 N.22-2/1205 N,15-4 
12 p11 560 =—-18,0 1200 4, 23:1] 12-06 £22-0/:1205: db : ong Wes ie ite oa 
13/1156 18-3/1200 ©23-2/1206 21-9/1205 148] 3 999 | 9.6 18 6.3 5.5 
14/1156 = 18-5] 1200 = 23-2|1206 = 21-7] 1205 = 14-5] 4g ggg | 9.7 we 6.3 5.5 
15/1156 18-8/1200 23-3/1206 21-6/1205 14.2 


10 000 2-8 2-0 6-3 5-5 
1156 N.19-0)1201 N.23-3/1206 N.21-411204 N.13-8 

11 56 19-3 | 12 01 23:4 | 12 06 21-3 | 12 04 13-5 2b.009 s2 me Ose ot 

20 000 3-6 2-8 6-6 5-8 

19-5 | 12 01 23.4 | 12 06 21-1 | 12 04 13-21 95 090 3.9 ae his 6.6 

11 56 19.7 | 12 01 23-4 | 12 06 20-9 | 12 04 12-91 39 000 rg 3.4 Pans 61 

11 56 19-9 | 12 01 23-4 | 12 06 20-7 | 12 03 12-6} 35 999 ve ae 74 as 


1157 N.20-1| 1202 N.23.4/1206 N.20-5|1203 N.12-2 

4. 12 4 
1157 20-3/1202  23.4/1206  20-3/1203 11.9 ve one A a 73 os 
20-5|1202  23-4/1206 20-1/1203 11-6] 55 ogg | 5.1 ag Mime | ele 
1157 20-%/1202 23-4/1206 19-9|1202 11-2] ge oon | 5.3 | 45 | 7.6 | 6.8 
1157 = 20-9/1202 23-4) 1206 =—:19-7 | 1202 10-9] go go | 5.5 | 4.7 | 7.7 | 6.9 


vee ee 
eoenanon 
- 
on 
lor) 


i eS) 
ak wh = 
me 
— 
on 
Pei 


26 |}1157 N.21-1}1203 N.23-4)1206 N.19-5)1202 N.10-5 
27 | 11 57 21-2 | 12 03 23-3 | 12 06 19-3 | 12 02 10-2 
28 | 11 57 21-4 | 12 03 23-3 | 12 06 19-1 | 12 O1 9-8 
29 | 11 57 21-6 | 12 03 23-2 | 12 06 18-8 | 12 01 9-5 
30 | 11 57 21-7|/1203 N.23.2 | 12 06 18-6 | 12 01 9-1 
31 | 1158 N.21-9 1206 N.18-4)1200 N. 8-8 


An alternative method to those given on pages A12—A14 is to use the graphs to give the correc- 
tions to the tabulated times of sunrise and sunset at ground level; in this case it is adequate to 
use the graphs for the nearest tabular latitude and declination. The difference in hour angle is 
found between the hour angle for zero depression and the hour angle at the tabular depression 
minus 0°-8. The difference in hour angle so found is then applied to the time of sunrise or sunset. 
The result will be less than 5™ in error if the declination curve cuts all the depression lines. 

Example. To find the times of sunrise and sunset on 1975 August 23 in latitude N. 65° 17’, 
longitude W. 35° 15’, at a height of 37 000 feet. From Table 1, Dec.= N. 11°-6; Table 2, 
Depression diff. from 0°-8=3°-7. 


Sunrise Sunset 

h m h m 

Page A68, N. 65° 17’ (August 24) 04 10 19 53 
Page A71, Lat. 66°, Dec. 11° (same) ; diff. in 

H.A. from depression 0° to 3°-7 45 45 

L.M.T. 03 25 20 38 

Longitude W. 35° 15’ 2 21 221 


G.M.T. 05 46 22 59 
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SEMIDURATION OF SUNLIGHT 


! ! ' ! 
12°05" 12"06" 12'06" 12°05" 


N85 


SUN ABOVE 
HORIZON 


1 16 1 16 1 16 iL 16 il 
MAY JUNE JULY AUGUST 


DURATION OF TWILIGHT 


N85 N85 


N80 


CONTINUOUS TWILIGHT 
OR SUNLIGHT 


N75 


N70 N70 


MAY JUNE JULY AUGUST 
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SEMIDURATION OF MOONLIGHT 


[ox . ° . . . 1g" . 
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el 
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MOON BELOW 
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MAY S 10 NS) 
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MOON BELOW 
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JUNE S Tc 15 


jou 
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MOON BELOW 
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JULY S 10 TS 


N85 
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MOON ABOVE 
HORIZON 


N75 


Q4 


MOON ABOVE 
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il H 


jy | 


N70 | i 
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Se | 


AUGUST S 


4 : 44 
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é eS, 
is it 
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CONVERSION OF ARC TO TIME 


° h m ° h b , m 6 
0 © 00 60 4 8 12 00 240 | 16 00 300 | 20 00 o © 00 
I © 04 61 4 8 12 04 241 | 16 04 3OI | 20 04 I © 04 
2 ° 08 62 4 8 12 08 242 | 16 08 302 | 20 08 2! 0 08 
2) oO 12 63 4 8 12 12 243 | 16 12 303 | 20 12 3 (e) 3163 
4 © 16 64) 4 8 12 16 244 | 16 16 304 | 20 16 ZON eh 308) 
5 © 20 65 | 4 8 12 20 245 | 16 20 305 | 20 20 5 | © 20 
6 |) tome, 66} 4 8 I2 24 246 | 16 24 306 | 20 24 6| 0 24 
7 | 0 28 67 | 4 8 12 28 247 | 16 28 307 | 20 28 7| © 28 
8 | 0 32 68 | 4 8 12) 42 248 | 16 32 308 | 20 32 8] o 32 
9 ° 36 69 4 8 12 36 249 | 16 36 309 | 20 36 9 | © 36 
10 © 40 70 4 8 12 40 250 | 16 40 310 | 20 40 10 © 40 
Ir © 44 71 4 8 12 44 251 | 16 44 311 | 20 44 Ir | 0 44 
12 ° 48 72 4 8 12 48 252 | 16 48 312 | 20 48 12 o 48 
£3) |p ons2 73 | 4 8 I2 52 253 | 16 52 313 | 20 52 13 | 0 52 
14 ° 56 74 4 8 12 56 254 | 16 56 314 | 20 56 14 © 56 
15 I 00 75 5 9 13 00 255 | 17 00 315 | 21 00 15 I 00 
16 I 04 76 5 9 13 04 256 | 17 04 316 | 21 04 16 I 04 
17 1 08 77 5 9 13 08 257 | 17 08 317 | 21 08 17 1 08 
18 rare 78 5 9 1302 258 | 17 12 3187-21012 18 5 3ir3 
19 1 16 79 5 9 13 16 259 | 17 16 319 | 21 16 19 1 16 
20 I 20 80 5 9 13 20 260 | 17 20 320 | 21 20 20 I 20 
21 I 24 81 5 9 13 24 261 | 17 24 32Y || 21 24 21 Tez) 
22 28 82 5 9 13 28 262 | 17 28 Bee} || ore o3s) 22 1 28 
23 Te32 83 5 9 QA 263 | 17 32 B2au 2132 23 res 
24 | 1 36 84 | 5 9 13 36 264 | 17 36 324 | 21 36 24 | 1 36 
25 I 40 85 | 5 9 13 40 265 | 17 40 325 | 21 40 25 I 40 
26 I 44 86 5 9 13 44 266 | 17 44 326 | 21 44 26 I 44 
27 1 48 87 5 9 13 48 267 | 17 48 327 | 21 48 27 1 48 
28 ress 88 5 9 13 52 268 | 17 52 328 | 21 52 28 152 
29 156 89 5 9 13 56 269 | 17 56 329 | 21 56 29 I 56 
30 2 00 go 6 10 14 00 270 | 18 00 330 | 22 00 30 2 00 
31 2 04 gi 6 10 14 04 271 | 18 04 331 | 22 04 31 2 04 
32 2 08 92 6 10 14 08 272 | 18 08 332 | 22 08 32 2 08 
33 2) 2 93 6 10 14 12 2737 \eioure eee) || HD 33 33 2 12 
34 2516 94 6 10 14 16 274 | 18 16 334 | 22 16 34 2 16 
35 2 20 95 6 10 14 20 275 | 18 20 335 | 22 20 35 2 20 
36 2 24 96 6 10 14 24 276 | 18 24 336 | 22 24 36 2 24 
37 2 28 97 6 10 14 28 yy a tod Xe) 337 | 22 28 37 2 28 
38 232 98 6 10 14 32 278 | 18 32 338 | 22 32 38 Po 3%5 
39 | 2 36 99 | 6 10 14 36 279 | 18 36 339 | 22 36 39 | 2 36 
40 | 2 40 Ioo | 6 10 14 40 280 | 18 40 340 | 22 40 40 | 2 40 
41 2 44 101 6 10 14 44 281 | 18 44 341 | 22 44 41 2 44 
42 2 48 102 6 10 14 48 282 | 18 48 342 | 22 48 42 2 48 
43.) 252 103 | 6 10 14 52 283 | 18 52 343 | 22 52 43) 2 52 
44 2 56 104 | 6 10 14 56 284 | 18 56 344 | 22 56 44] 2 56 
45 | 3 00 105 | 7 11 15 00 285 | 19 00 345 | 23 00 45 | 3 00 
46 3 04 106 | 7 II 15 04 286 | 19 04 346 | 23 04 46 | 3 04 
47 3 08 107 7 II 15 08 287 | 19 08 347 | 23 08 47 3 08 
45)|\h ute 108 | 7 II 15 12 288 | 19 12 348 | 23 12 48 | 3 12 
49 | 3 16 109 | 7 II 15 16 289 | 19 16 349 | 23 16 49 | 3 16 
50 | 3 20 110 | 7 II 15 20 290 | 19 20 350 | 23 20 50 | 3 20 
51 3 24 III 7 II 15 24 2gI | 19 24 351 | 23 24 51 3 24 
52 3 28 112 7 II 15 28 292 | 19 28 260) || 2323 PIs 52 By KS} 
53 | 3 32 EI 30 07 II 15 32 293 | 19 32 353 | 23 32 oj 242 
54] 3 36 114 | 7 II 15 36 294 | 19 36 354 | 23 36 54| 3 36 
55 | 3 40 115 | 7 II 15 40 295 | 19 40 355 | 23 40 55 | 3 40 
56 | 3 44 116 | 7 11 15 44 296 | 19 44 356 | 23 44 56 | 3 44 
57| 3 48 117 | 7 11 15 48 297 | 19 48 357 | 23 48 57| 3 48 
58 3 52 118 | 7 Il USES2) 298 | 19 52 358 | 23 52 BS ie an 52 
59 |} 3 56 119 | 7 11 15 56 299 | 19 56 359 | 23 56 59 | 3 56 


The above table is for converting expressions in arc to their equivalent in time; its main use in this Almanac is 
for the conversion of longitude for application to L.M.T. (added if west, subtracted if east) to give G.M.T., or vice versa, 
particularly in the case of sunrise, sunset, etc. 
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APPENDIX G: EXTRACTS FROM AIR ALMANAC 683 
INTERPOLATION OF G.H.A. ARIES 
2m 3m 4™ 5m 6m ym. gm g@ 

{2 ° ‘ ° 4 ° , ° ‘ ° ‘ fo} ig ° (A ° , s 
15-0 0 30-1 © 45-1 I 00-2 I 15-2 I 30-2 I 45-3 2500°3))5 2 15-4 00 
15-3. © 30-3. © 45-4 I 00-4 I 15+5 I 30-5 I 45-5 200-6 2 15-6 or 
15:5 oO 30-6 © 45-6 I 00-7 DE) I 30-7 1 45:8 2 00-8 2 15:9 02 
15-8 o 30-8 © 45:9 I 00-9 1 16-0 I 31-0 1 46-0 2 OL! 2 16-1 03 
16-0 © 31-1 o 46-1 I O1-2 1 16.2 I 31-2 1 46.3 2 O13 2 16-4 04 
16.3 © 31-3 © 46-4 I O14 I 16-5 I 31-5 I 46-5 201-6 2 16.6 05 
16-5 © 31:6 o 46.6 I 01-7 1 16.7 I 31-8 1 46-8 2 01-8 2 16-9 06 
16.8 © 31-8 0 46.9 I O1-9 1 17-0 I 32-0 I 47:0 2 02-1 2 jel 07 
1750 | LORS2«1 © 47-1 I 02-2 To 722 I 32-3 I 47-3 25023) S217. 08 
17-3 hOase 3) 0 azed I 02-4 I 17:5 I 32-5 I 47-5 202-6 2 17-6 09 
17-5 © 32-6 o 47-6 I 02-7 Del 7ar7 I 32:8 1 47:8 2 02.8 2 17-9 10 
17-8 © 32-8 © 47-9 I 02-9 1 18-0 I 33:0 1 48-0 2 03-1 2 18-1 Ir 
18.0 © 33-1 o 48.1 I 03:2 1 18.2 Tc33 I 48-3 2 03:3 2 18-4 12 
18.3 © 33:3 © 48.4 I 03-4 1 18.5 I 33-5 1 48.5 2 03-6 2 18.6 13 
18-6 0 33-6 o 48.6 I 03:7 1 18.7 I 33-8 1 48-8 203-8 2 18-9 14 
18-8 0 33:8 o 48-9 I 03:9 I 19-0 I 34-0 I 49-0 2 04-1 2 19-1 15 
19-1 © 34:1 © 49-1 I 04-2 I 19-2 I 34:3 I 49-3 2 04:3 2 19-4 16 
19-3. © 34:3 049-4 104-4 119-5 1 34:5 1 49:5 2046 2 19-6 17 
19-6 0 34:6 o 49-6 I 04-7 I 19-7 I 34:8 I 49-8 2 04:8 2 19-9 18 
19-8 0 34:8 0 49-9 I 04:9 I 20-0 I 35-0 I 50-1 2 05-1 2 20-1 19 
20-1 © 35-1 © 50-1 I 05-2 I 20-2 2 BGS T 50:3) 205-3) (2) 20:4 20 
20-3 © 35°3 © 50-4 I 05-4 I 20-5 I 35°5 1 50-6 2 05:6 2 20-6 21 
20-6 © 35-6 o 50-6 I 05-7 I 20-7 I 35-8 I 50-8 2 05:8 2 20-9 22 
20-8 0 35-8 © 50-9 I 05-9 I 21-0 1 36.0 I 51-1 2 06-1 2e2 Tet 23 
21-1 © 36-1 © SI-I 1 06.2 ie Pee) I 36-3 I 51-3 2 06-3 2 21-4 24 
21-3 © 36.3 © 51-4 I 06.4 it Bo I 36-5 I 51-6 2 06.6 2 21-6 25 
21-6 © 36-6 o 51-6 I 06-7 L 207 1 36.8 151-8 206.8 2 21-9 26 
21-8 © 36-9 © S5I-9 I 06-9 112250 I 37:0 Gp 2 07-1 2) 22a% 27 
22:1 © 37-1 © 52-1 I 07-2 I 22-2 I 37-3 i Ce A Cikzpa e Beoc 28 
22:3 © 37-4 © 52:4 I 07-4 I 22-5 rt 75 I 52-6 2 07:6 2 22-6 29 
22-6 0 37-6 © 52.6 I 07-7 Weze7, 1 37-8 1 52:5 2/078 2722-9 30 
22-8 © 37:9 © 52-9 I 07-9 [ 2350 I 38-0 I 53-1 2 08-1 2 23-1 31 
23-1 o 38.1 © 53-1 I 08.2 1 23:2 I 38-3 I 53+3 2 08.4 2 23:4 32) 
23°3 © 38-4 © 53:4 1 08.4 Te 2315 I 38-5 I 53-6 2 08-6 2 23-6 33 
23-6 ° 38-6 © 53-6 1 08.7 1 23-7 1 38-8 I 53-8 2 08-9 2 23-9 34 
23:8 © 38-9 =o. «53-9 1 08-9 I 24:0 I 39:0 I 54-1 2 09-1 2 24-1 35 
24-1 © 39-1 © 54:1 I 09-2 I 24-2 I 39:3 I 54:3 209-4 2 24-4 36 
24-3 0 39-4 0 54-4 109-4 1 24-5 1 39:5 1 54:6 209-6 2 24-6 37 
24-6 © 39-6 © 54:6 I 09-7 I 24-7 1 39-8 I 54:8 2 09:9 2 24-9 38 
24-8 0 39-9 © 54-9 I 09-9 I 25-0 I 40-0 15591 2 10-1 2 25-1 39 
25-1 © 40-1 © 55-2 I 10-2 12552 I 40-3 I 55:3 210-4 2 25-4 40 
25-3 © 40-4 © 55-4 I 10-4 I 25-5 I 40-5 I 55:6 2 10-6 2 25-6 41 
25-6 o 40-6 © 55-7 I 10-7 I 25-7 1 40-8 1 55-8 2 10-9 2 25-9 42 
25-8 © 40-9 © 55:9 I 10-9 I 26.0 I 41-0 1 56-1 Ziad 2 26-1 43 
26-1 © 41-1 © 56.2 3 a hays 1 26.2 I 41-3 I 56-3 211-4 2 26-4 44 
26-3 © 41-4 © 56-4 I 11-4 I 26-5 I 41-5 1 56.6 2 11-6 2 26.7 45 
26-6 041-6 oOo 56.7 1 2 Gly 1 26.7 1 41-8 50:8) | 2Qer1-0)" §2526%0 46 
26.8 © 41-9 ° 56-9 I 11-9 I 27-0 I 42-0 I 57-1 2ereot 2 2yee 47 
27-1 © 42-1 © 57-2 a © 1 27.2 I 42-3 1 5733 212-4 2 27-4 48 
27-3 © 42-4 0 57-4 I 12-4 1 27:5 I 42-5 I 57-6 22: One 227.7 49 
27-6 © 42-6 © 57-7 Tint 257, Tez 77, 1 42-8 I 57:8 2 12-9 2 27-9 50 
27-8 © 42-9 © 57-9 I 12-9 1 28-0 I 43-0 I 58-1 21361 2 28.2 SI 
28-1 © 43:1 © 58.2 Teg a2 1 28-2 TeAga3 I 58-3 2 13-4 2 28-4 52 
28-3 043-4 © 58-4 eetigas 1 28-5 I 43-5 158-6 213-6 2 28-7 53 
28.6 © 43-6 °o 58. ie teas I 28-7 1 43-8 1 58-8 2 13:9 2 28-9 54 
28-8 © 43:9 0 58-9 I 14:0 1 29-0 I 44-0 I 59-1 2 14-1 2 29-2 55 
29-1 © 44-1 © 59-2 I 14-2 1 29-2 I 44-3 I 59-3 2 14:4 2 29-4 56 
29:3. 9 44-4 059-4 1 14-5 129-5 1 44-5 159-6 2146 2 29-7 57 
29-6 0 44:6 059-7 1 14:7 129-7 1 44-8 1 59:8 2 14:9 2 29-9 58 
29:8 0 44:9 © 59-9 I 15-0 1 30-0 45:0) 2 00-1 2 15-1 2 30-2 59 
30-1 © 45-1 I 00-2 I 15-2 I 30-2 1 45-3 200-3 215-4 2 30-4 60 
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POLARIS (POLE STAR) TABLE, 1975 
FOR DETERMINING THE LATITUDE FROM A SEXTANT ALTITUDE 


cA | TAG AST 0 EH Ay Aa. L.H.A.T L.H.A.T Q L.H.A.T 
359 08 80 32 113 11 143 05 183 04 264 07 296 18 326 18 ‘ 
114 ay 82 00 fe: 114 20 ; 144 18 1H 185 31 eae 265 33 Me 297 26 2 : 327 32 a 
3 29 45 83 27 31 115 28 5 145 32 491 188 12 447 266 57 429 298 34 re 328 47 _93 
5 54 _46 84 52 30 116 36 4 146 46 422 191 12 448 268 20 428 299 43 Aaa 330 03 24 
8 32 47 86 15 _99 117 44 3 148 01 4.93 194 41 449 269 41 427 300 50 SAL 331 19 95 
11 30 _48 87 38 _98 118 51 9 149 18 424 199 02 aT) 271 01 +26 301 58 0 332 37 _96 
14 56 49 88 58 97 119 59 1 150 35 4.25 205 51 451 272 20 425 303 06 1 333 55 _97 
19 13 _50 90 18 96 121 07 0 151 53 426 218 22 +50 273 38 424 304 14 9 335 15 _98 
25 56 51 91 36 _95 122 15 4 153 12 427 225 11 4.49 274 55 493 305 22 3 336 35 _99 
38 17 50 92 54 ei 123 23 42 154 32 4.98 229 32 41.48 276 12 499 306 29 4 337 58 36 
45 00 _49 94 10 93 124 30 4 3 155 53 4.99 233 01 447 Patel PUL 491 307 37 5 339 21 31 
49 17 ag 95 26 _99 125 39 eg 157 16 4.30 236 01 446 278 41 4.20 308 45 6 340 46 39 
52 43 47 96 41 91 126 47 reer 158 40 431 238 42 445 279 55 419 309 53 7 342 13 _ 33 
55 41 46 97 55 920 127 55 +6 160 06 4.32 241 09 444 281 08 +18 311 02 _ 8 343 41 34 
58 19 45 99 08 aig 129 03 17 161 34 4.33 243 25 4.43 282 21 417 31210 | 9 345 12 _35 
60 44 ae 100 21 _18 130 11 on 163 03 434 245 33 4.42 283 33 +16 313 19 10 346 45 36 
62 59 43 101 33 17 131 20 49 164 35 4.35 247 34 rey 284 44 415 314 27 eat 348 20 37 
65 05 42 102 45 a 132 29 +10 166 09 4.36 249 29 440 285 55 414 315 37 12 349 59 _38 
67 05 Le 103 56 15 133 38 411 167 45 4.37 251 20 4.39 287 06 413 316 46 13 351 40 _39 
68 59 —40 105 07 ay 134 47 412 169 24 4.38 253 06 4.38 288 16 412 317 56 i 353 25 —40 
70 48 _39 106 17 13 135 57 413 171 07 4.39 254 49 4.37 289 26 | 319 06 15 355 14 re 
72 33 38 107 27 i 137 07 sets 172 53 +40 256 28 +36 290 35 +10 320 17 ea 357 08 42 
74 14 _37 108 36 sate 138 18 445 174 44 441 258 04 435 291 44 +9 321 28 47 359 08 43 
75 53 36| 109 46 1) 139 29 | 6/176 39 | 45) 259 38 | 4) | 292 53 | | 322 40 | 1d 
17 28 Laas, 110 54 9 140 40 417 178 40 443 261 10 433 294 02 Aisa 323 52 —19 3 29 ae 
79 O1 34 112 03 8 141 52 +18 180 48 ary 262 39 432 295 10 + 6 325 05 —920 5 54 _ 46 
80 32 113 11 143 05 183 04 264 07 296 18 326 18 8 32 
Q, which does not include refraction, is to be applied to the corrected sextant altitude of Polaris. 
Polaris: Mag. 2-1, 8.H.A. 327° 53’, Dec. N. 89° 09’.2 
STANDARD DOME eH At ae AZIMUTH OF POLARIS Ibplatye Ge 
REFRACTION 300°- Latitude 120°- 
To be subtracted from sextant altitude 120° 0° 30° 50° 455° ~=—s«&G 0° 65° 70° 300° 
when using sextant suspension in a F a s = 5 5 = A = 
perspex dome 300 08 51-0], 13 15 1-7] 20 25 300 
Alt. Refn. Alt. Refn. 310 0-8 1-0 13 1-4 1.7 2-0 2-4 290 
2 : ° ¢ 320 0-8 0-9 1-2 1-4 1-6 19 2-3 280 
10 8 50 4 330 Osi a0:8 11 12 1-4 Here Pei 270 
20 7 60 4 340 06 0-7 TD) isis ahs} 15 1.8 260 
30 6 70 3 
40 5 80 3 350 0-5 0-6 0-8 O09 1.0 1-20 tes 250 
This table must not be used if a cali- 0 0-4 0:5 06 07 0:8 0-9 1-2 240 
bration table is fitted to the dome, or if 10 0-3 0-3 Wee (Des) — CS 0-6 0:8 230 
a flat glass plate is provided, ‘or for 20 0-1 0-1 0-2 0-2 0-2 0-3 0:3 220 
non-standard domes. 30 0:0 0-0 00 O11 O-1 0-1 O-1 210 
BUBBLE SEXTANT ERROR 40 359-9 359-9 | 359-8 359-8 359-8 | 359-7 359-7 200 
Sextant Niumsber Alt. Corr 50 359-7 359-7 | 359-6 359-5 359-5 | 359-4 359-2 190 
° ; 60 359-6 359-5 | 359-4 359-3 359-2 | 359-1 358-8 180 
70 359-5 359-4 | 359-2 359-1 359-0 | 358-8 358-5 170 
80 359-4 359-3 | 359-0 358-9 358-7 | 358-5 358.2 160 
90 359-3 359-2 | 358-9 358-8 358-6 | 358-3 357-9 150 
100 359-2 359-1 | 358-8 358-6 358-4 | 358-1 357-7 140 
110 359-2 359-0 | 358-7 358-6 358-3 | 358-0 357-6 130 
120 359-2 359-0 | 358-7 358-5 358-3 | 358-0 357-5 120 


When Cassiopeia is left (right), Polaris is west (east). 
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CORRECTIONS TO BE APPLIED TO SEXTANT ALTITUDE 


REFRACTION 
To be subtracted from sextant altitude (referred to as observed altitude in A.P. 3270). 


Height above sea level in units of 1,000 ft. 


e © oaS te tGiwis can gonwiase ||T 30° 35 (40 | 45 50 55 
Sextant Altitude 
i 90 90 90 9° 90 90 90 90 90 90 909 g0 
& Bir SO8e 35 Sl “40: | (4z 305g 30 420 20 #17 13 
- 33 29 26 22 19 16 14 II 9 7 6 4 
21 19 16 14 12 10 8 a 5 4 240 140 
3 16 14 12 10 8 7 6 5 310] 220 130 040 
4 12 II 9 8 7 5 400 310 210| 130 039 +005 
: 10 9 7 550 450 350] 310 220 130} O4g +011 —OI9 
810 650 550] 450 400 300] 220 150 I10/ 024 —orr —038 
é 650 550 500] 400 310 230} 150 120 038]+004 —028 —054 
600 510 410] 320 240 200] 130 100 o19|—013 —042 —108 
e 520 430 340] 250 210 I140| I10 035 +003]—027 —053 —118 
poh et SOUS 409 2 50) 2200 149 (110),057 +011 —016|—043 —108 —1 31 
% 330 250 210] 140 I10 034|+009 — 014 —037]—100 —123 —I 44 
1 75° 210 140] II1O0 037 +010|—013 —034 —053|—114 —I 35 —156 
3 220° 140120) (043 +015 —008|—031 —052 —1 08) —1 27 —1 46 —205 
a 150 120 049|+023 —002 —026|—046 —106 —1 22|—139 —157 —214 
ae II2 044 +019|—006 —028 —048|—109 —127 —1 42|—158 —214 —230 
Be 034 +010 —013|—036 —055 —114|—132 —1 51 —206|—221I —234 —249 
+006 —O16 —037]—059 —117 —I 33|—I 51 —207 —223| —237 —251 —304 
a —0 18 —037 —058|—116 —1 34 —1 49|—206 —222 —235|—249 —303 —316 
—0 53.714). —1 31, =1.47 (2:03 —2 18 —2.33 —2:47| =2 59. —313 —3 25 
a —110 —128|—144 —159 —215|—228 —2 43 —256| —308 —322 —3 33 
—140|—153 —209 —224|—238 —252 —304|—317 —329 —3 41 
> —203 —218 —233|—246 —301 —312| —325 —337 —3 48 
=2 53 =3/97 —3'19)| —3 32° —3'42'—3'53 
f 0 5 10 15 20 25 30 35 40 45 50 55 
Temperature in °C 
=o +47 +36 +427) +18 +10 +3] -—5 —I13 ; 
26tee (O ee te aT 40—eote aro 40 For these heights no 
1-0 temperature correction 
ES +5 -—5 -15|] -25 -36 -46| —57 —68 is necessary: take f=1-0 
pie etO P25 ox 30:| 46 —58 -71| -83 -95 anduse R=R, 
Bal SADE SO gl O87 AST c= 95 


R 


R=R,x f 
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When R, is 


less than 10’ 
or the height 
is greater 
than 35,000 
ft. take f=1-o 
and use 
R=R, 


Choose the column appropriate to height, in units of 1,000 ft., and find the range of altitude in which the sextant 
altitude lies; the corresponding value of R, is the refraction, to be subtracted from sextant altitude, unless 
conditions are extreme. 
table on the right to form the refraction, R=R, xf. 


In that case find f from the lower table, with critical argument temperature. 


Use the 


and to port (left) in southern latitudes. 


CORIOLIS (Z) CORRECTION 
To be applied by moving the position line a distance Z to starboard (right) of the track in northern latitudes 
The argument is given as T.A.S. (True Air Speed) in A.P. 3270. 


G/S Latitude G/S Latitude 

KNOTS] 9° 16°] 20° 30°| 40° 50° | 60° 70°] 80° 90° || KNOTS | Ge 70°] 20° 30°| 40° 50° | 60° 70°| 80° 90° 
150 ° I I 2 3 3 3 4 4 4 450 OWRZs|Ne49 6) 8) <9 10 II 12 12 
200 Oye ee et Veh Wiech: eGvil ache Gy 500 Cw ee Ge | te key || Gwe Gea || TY Gee) 
250 OeeI S| 2s asl 4 eS OF Or || 6s 7 550 O83 |b Sy val (Oe ira T2et4y rare 
300 ON eee Ce SoG GAM oH mec} 600 OF 3) | 5a SLO) 12) le raner5) 0161 16 
350 Op eR Sy Gye ieer fill etede xe) | atoye 20) 650 O38) OF ONEIT T3815) 16) |ir7 e677 
400 | o 2| 4 5| 7 8] 9 10] 10 10]| zoo | o 3| 6 9 | 12 14] 16 17] 18 18 
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CORRECTIONS TO BE APPLIED TO MARINE SEXTANT ALTITUDES 


CORRECTION FOR DIP OF THE HORIZON 


MARINE SEXTANT CORRECTIONS 
ERROR To be subtracted from sextant altitude 
Sextant Number In addition to sextant} Ht. Dip | Ht. Dip | Ht. Dip | Ht. Dip | Ht. Dip 


error and dip, corrections 


are to be applied for: Ft , | Ft / Ft. , Ft , Ft , 
Index Error Refraction . ae rrd. i 437 968 I 707 
Semi-diameter (for the 2 137 ‘ 481 3 I 033 = I 792 % 
Sun and Moon) 6) Pia Fe 527 BS I 099 ay 1880 4 
Parallax (for theMoon)| x2 3 189 ‘4 575 2 1168 33 I 970 23 
rage a) eae eee Sl seat ae 
3 gf 45° ae 677 26 | 232% a6 2155 he 
43 _ 283 “ 731 oe I 386 S 2251 A 
58g | 318 13 | 787 22 | 1463 22 | 2349 a 
75 356 845 1543 ° 2449 + 
93° 2 -| 305" |. 906.” | )1.6a4_ °° |*aeges 
10 20 30 40 50 
114 437 968 I 707 2 655 
LIST OF CONTENTS 
Pages Contents 


Inside front cover Star list (57 stars) and G.H.A. interpolation tables 


Daily pages Ephemerides of Sun, Moon, Aries and planets; moonrise and 
moonset 

F1-F2 (flap) Star chart 

F3 (flap) Star list (57 stars) and G.H.A. interpolation tables 

F4 (flap) Interpolation of moonrise and moonset for longitude, and star index 

A1-A3 Title page, preface, etc. 

A4-A17 Explanation 

A18-A1g List of symbols and abbreviations 

A20-A23 Standard times 

A24-A73 Sky diagrams 

A74-A75 Planet location diagram 

A76-A79 Star recognition diagrams for periscopic sextants 

A8o0-A87 Sunrise, sunset and civil twilight 

A88-Ag3 Rising, setting and depression graphs 

Ag4-Ag5 Semi-duration graphs of sunlight, twilight and moonlight, in high 
latitudes 

Ag6 Index of star names 

Ag7—-Ag99 Star list, 173 stars (accuracy 0’-1) 

A1oo-AIo1 Interpolation of G.H.A. Sun and G.H.A. Aries (accuracy 0’:1) 

A102 Conversion of arc to time 

A103 Polaris tables 

A104 Corrections for (total) refraction and Coriolis (Z) table 


Inside back cover 


Corrections to marine sextant observations and dome refraction 


APPENDIX H 
LONG-TERM ALMANAC 


This appendix is intended for use when a more complete almanac is not available. 
It is based principally upon the fact that approximately correct values for the Greenwich 
hour angle and declination of the sun, and the Greenwich hour angle of Aries, can be 
obtained from an almanac that is exactly four years out of date. The differences in 
these values at intervals of exactly four years can be largely removed by applying an 
average correction to the values obtained from the tables of this appendix. The maxi- 
mum error in an altitude computed by means of this appendix should not exceed 
2‘0 for the sun or 1/3 for stars. 

This four-year, or quadrennial, correction varies throughout the year for the GHA 
of the sun (between about plus and minus one-half of a minute) and for the declination 
of the sun (between about plus and minus three-fourths of a minute). For the GHA 
of Aries the quadrennial correction is a constant, (+)1/84. The appropriate quadrennial 
correction is applied once for each full four years which has passed since the base year 
of the tabulation (1972 in this appendix). 

The tabulated values for GHA—175° and declination of the sun and GHA of 
Aries are given in four columns, labeled 0, 1, 2, and 3. The “0” column contains the 
data for the leap year in each four-year cycle and the 1, 2, and 3 columns contain data 
for, respectively, the first, second, and third years following each leap year. 

The GHA—175° and declination of the sun are given at intervals of three days 
throughout the four-year cycle, except for the final days of each month, when the 
interval varies between one and four days. Linear interpolation is made between entries 
to obtain data for a given day. Additional corrections to the GHA of the sun of 15° 
per hour, 15’ per minute, and 15” per second are made to obtain the GHA at a given 
time. Declination of the sun is obtained to sufficient accuracy by linear interpolation 
alone. 

The GHA of Aries is given for each month of the four-year cycle. Additional 
corrections of 0°59/14 per day, 15°02’5 per hour, 15’ per minute, and 15” per second 
are made to obtain the GHA at a given time. 

The SHA and declination of 38 navigational stars are given for the base year, 
1972.0. Annual (not quadrennial) corrections are made to these data to obtain the 
values for a given year and tenth of a year. 

A multiplication table is included as an aid in applying corrections to tabulated 
values. 

Sun tables. 1. Subtract 1972 from the year and divide the difference by four, 
obtaining (a) a whole number, and (b) a remainder. Enter column indicated by re- 
mainder (b) and take out values on either side of given time and date. 

2. Multiply quadrennial correction for each value by whole number (a) obtained in 
step 1 and apply to tabulated values plus 175°. 

3. Divide difference between corrected values by number of days (usually three) 
between them to determine daily change. 


a 
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4. Multiply daily change by number of days and tenths since 0" GMT of earlier 
tabulated date, and mark correction plus (+) or minus (—) as appropriate. 

5. (GHA only.) Enter multiplication table with hours, minutes, and seconds of 
GMT, and take out corrections A, B, and C, respectively. These are all positive. 

6. Apply corrections of steps 4 and 5 to corrected earlier values of step 2. 

Example —Find GHA and declination of sun at GMT 17"13™49* on July 18, 2002. 

Solution —Steps 1 and 2: (2002—1972)+4=7, remainder 2. Use column 2, and 
multiply quadrennial corrections by 7. Corrected values: GHA, July 16, 178°31/1+ 
(7<0'05)=178°31/5; July 19). 178°27/2--(7 X006) =178°27 16" Dec:,* July. 16, 
21°27'9N — (70/41) =21°25'0N; July 19, 20°57/5N—(7X0/44) =20°54/4N. 


GHA Declination 
July 16 178°31'5 July 16 21°25'/0 N 
July 19 178°27'6 July 19 20°54’4 N 
3-day change (—)3‘9 Stee 3-day change (—)30‘6 pit tad 
daily change (—)1‘3 daily change (—)10/2 
days and tenths 2.7 } Step 4 days and tenths ORT Step 4 
corr. (—)3/5 corr. (—)27/5 
A 255°00/0 0" July 16 21°25'0N | Step 6 
Be 3°15'0|} Step 5 Dec. 20°57/5 N 
C 12/1 
0° July 16 178°31'5)} Step 6 
GHA «7605.2 


Aries table. 1. Subtract 1972 from the year and divide the difference by four, 
obtaining (@) a whole number, and (bd) a remainder. Enter column indicated by re- 
mainder (b) and take out value for given month. 

2. Enter multiplication table with whole number (a) of step 1, day of month, 
hours of GMT, minutes of GMT, and seconds of GMT, and take out corrections 
D, E, F, G, and C, respectively. 

3. Add values of steps 1 and 2. 

Example —Find GHAT at GMT 11206™33* on November 28, 1995. 

Solution —Step 1: (1995—1972) +4=5, remainder 3. Use column 3. 


GHAT 
Nov. 38°40/6)} Step 1 
D 9/2 
FE 27°35/9 
F 165°27'1|\ Step 2 
G-1°30!2 
C 8/2 
GHAT 233°31/2/ Step 3 


Stars table. 1. Enter table with star name, and take out tabulated values. 


2. Subtract 1972.0 from given year and tenth, and multiply annual correction by 
difference. Apply as correction (+-or—, as appropriate) to value of step 1. 
Example —Find SHA and declination of Spica on September 11, 2011. 
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Solution.—From decimal table, September 11, 2011=2011.7. 2011.7—1972.0= 
39.7. 


SHA Declination 
1972.0 159°04/3\ Step 1 1972.0 11°01/0S} Step 1 
39.7X (—)0/79 (—)381/%4 ne 39.7X0.31 (+)12/3 ee 
SHA 158°32’9 {| ©“P Dec. 11°1373 S{ °“P 


To determine GHA of star, add GHAT and SHA%* for given time and date. 


690 APPENDIX H: LONG-TERM ALMANAC 


Quad. 
GHA 
Corr. 


JANUARY 


° 
Me tomo 1 to 


PNwwor wor 


moaoowouwiwww 


on 
NNER SIwDOwW Se 


RPeENNNN wwe 
to mt IO NM Abe 
rrNNNNWWW 
RPrNNNNMWW We 
) 
NNNNNNnNNnm 
PENN NN wot 


cs 


i) 


A RWN NNN OD 
Niecown pene 
MOSHNWRUAARA 
Tim inte S we 
DA twik ONG 
NNNNNNNNnNM 
HCORNNNOEL 


Se EWWNNMNW Ws 
orPaAIonrAITIySH 


cou 


we 


on 
aw) 
ie} 


CHNENW IDR Wwe 


o~ 
1 


we 


co 


De Nreeh 


NNNNNY 
CNWAHHUAH Rt 


SNR COL UCNr 
NNN NNNRE 


oes Sys 
AAA 
ON Bas 


APAEZUNNNnnwH 


Oo Go U2 US 
fopy 


109 


t 
wwe 


APAZNNNNNNHN 
wy 


OO ¢) 
icNOawWheE RO 


WHwWwWNNNNNne 
aes . 4 
BOC WONH& Nts 


WrROoOCOFrPNKRUAA 
ae eae 
Noor wWHKAIS 
1 OR ae 

ZZANNNNNNH 


ee 
2 
2 
2s 
2¢ 
2 
3 
3 
34 
3 


ona 


me 


00.0 


> ow 


PoNHn 
ee eal elo oor 


SSSHSE55NS 
i\woSe 


ure eho 


We cS 096 


ooo Be 
ioe 
1S ts = 


LEM T RPL LPM SAT Ly 
WON eS PR Oo 
Onno b £ e P&B Oo 
w ty on wo on 
ELTA IIL TLL TE PAPAL, 


PLP L ILIA ATL LL PL TA 


can 
wonnw 
o 
Seeaeee 


on 
oat 
fa 


on 
on 


oreno1en 
on 


oo Go Nore oe 
SCHUNyetonty 
VTA TPL TA TLS LTE AILS 


ZL Ly Lj ogy LA Lg LG 


CLEA LIL ILE AI LE A TLL) 
CIWS ROU R & 


+ 0.08 


OVO OV OT OF GT 1 OT OT 
enone oO 
ENE eA LAE 
PBR eH WEE 


DUBORGUNE BiB 
WHowamnwiuiss. 


Oooo 


a 


toto Rt 


s) 


PLT LEB AIA A LE 
Sno Nik 
ded dP ra 


i 00 &1 on G0 Bt Go 


VL AEA EA PTAA ATL 


= 
WNWNWNWWNNWNt 
ee eee OTOIoToIoT 

howe? bob ew 


WWW MNNYNN 
PPE BL VIOCIOIrOIU 
pe ees 


ee eee orororoigor 
Ls 
we Oty tt by 


ZAAZAZAZAAAZAA 


ZAZZALZAAAA 
AOOMONAONDW 


MORDMNOMNHMS 
AND HMOOCCOCOS 


691 


Dee. 


Se eae anlonl 


ZAZZAAAZANN 
HONONANE OND 


lO AWM IBKDWWHIG 
MANN AO HO oO H 


or~rwontnnoon 


NANNNNNNNNN 
HAI LO 69 oD “HD ODS 


BHOSBeYSHHDS 
OFAN HH HS 


NHN DROWN 
aoa 


[1 


ZAZZZAZZAZLAA 
62 AIO 10 99 00 Haro 


SHisotaisaDw19 
tN OD HELD 9 199 19.19 1 


wimMtMNAOD 
Sea aaa 


WOAr Hot women 
BAtSHArMDHIO 
DSN FHAN TOG 
Hin iain inwrowoor 


eile i 


AORODr-eDnNa*N 
is, Rmeowwmwooool 
Sscoocoscsessss 
iar yale ON nee 


ZAZZAZAZANN 
SOtaoqeeSonon 


Str SonNNMee 
MAN AAO HOO CO Hh 


orontNnoon 


SM MDiAaN oN O18 


SHreSNAN SSH 
Hid AN oD HID INO 


ree nonnnnon 


ANNNNNNNNN 
HOMO MM ONS 


KestnNansw 
IN SAN OD HNN 


NAHNOOr-OHAOTAN 
aa 


THONMATINOOS 


BL ansarton 
SIH HMMANNNANN 


o MMMM OD 


ANDOmHOMWSH 
LQ 00 NI 90 19 =H 99 tH 10 90 


on oD 99 oD OD OD SH Ht St St 


Date 
JULY 


LONG-TERM ALMANAC 


AUGUST 
SEPTEMBER 


ZZZAZZZA4ZZA Ae Cie gae eee 


Qe Once SNN 


— 


Ae en aS 
ON OD HH 1919 1910 
oOiwmtaNAOoOD 
al 


Dec. 


Sm ISN NSO 


MANNA SOSORS 


IRAOKTAOOSOROH 


SOosTneEMAatSOS 
WAN HOTAN HOW 


HD 19 1919 1 COCO 


ZZZAZAZAANN 
AN He N19 O19 


Santor Kean 
NAeonawonstio 


oOor-plmNmanNntoon 


OCTOBER 


SHOONOWMNRO 
HEBHAMMASON 
MMO AN OHO 


reer onnnnnn 


+ 


AHtrOoOMoannwv 
BARA NNN 


cl ea 


NNANNNANNNNN 
EHEMAOAMOS 


ANNO MIN Sis on 
SAAN 6N OD SH 19 LN 1D 


OO HIDO ORDOAN 
aa 


© 00 HOD INO tN 


OHM HBOO AGO 
ANNO tiDS AN 


90 62 69 62 OD On SH SH SH tH 


APPENDIX H 


ZAZZAZAZAAAA 
Sb ae a Gh a Ae 


BON aaa te 


mromMntanniom 
a eae 


6g OF COO = OM O 


KNOENDAOCONG 
MAN HORAN AHO 


Hig 19 19 1 O OL 


ZAAZZAAAANN 
DWRONCNOARAMWAND 
AWERBSHAHWD 
AA OMMO HON HO 
AroetmMNTHOOn 


Hone Mm oOInmort 


NOSOSON+H4HdeN 
MHOANMAHOING 


[ol Sal? Oe Ole Oe oe Oho ee Chor) 


oa eee eee 


NNNANNNNNNN 
NO N00 1610 N O10 
oOrKrnmsosondt 
SANMTINMOSOO 


CO Hid OM OMDIND 
aa 


SMART SAA 


CAMB BHOCHS 
NN 6900 SH ON oH 


CD 6D CR.29 CD OD <H SH St Xt 


1D A HID IDO DIO HO 


HOO HIN SO xHoN 8 
SiN HAM ONNANNN 


2 Hop oD oD oD oN oN oN OD OO 


Ne mMARWDAROS 


BHHDARBGAEDDH 
IDAN Hid AON HO rd 


Tin Nw iNOOOMrhm 


WOMMrMto To 


0 00 Hod 16 19 N00 NI 
MAHON MDM AIDINS 


~ennwmnnnnonn 


NANNNANNNNNN 
HO ONN TE RW 
DoOntaHAMmOotD 
SCSOOMAWMAMMOS 
THI O- ORDO 
Se Soe ey 


NNANNNNNNNN 
mmMmoomnoonto? 


SLSSHB OSHS OD 
POMNOOAANNAS 


Pee tem eimelietnaiiac ac) 
| NANANAAANNANAN 


MORONMDION 
NOt NE-OTAIMDWw 
CcCooonMmnytNnnAoS 


WilN DD Hi9M HO 
DAM Hon NOON OD 
MoO In SIN Oo oH 
rer woooinninst 


DRM DO 1000000 


+ 0.08 
+0.04 
—0. 04 
~0.19 
= 0.23 


+0.12 


NNANNNNNN 
DUS eed BS oe 


NNANNNNNNNAN 
LQ tH SH HOD OLN 


AGBNASe HO HO 
+SmMNSHANANS 


HaAnsacsnsta 
HO AMO MANO oH 
Crerwowowonmnmwost 


NOVEMBER 
DECEMBER 


Gao Ost wie sty 
Sto HA 00 HS + 00 
HaAMNOANANH 
HNN AN OD 99 00 00 99 OD 
ANNNANANAAN 


INO O1N IDO ONO 
Ow HtHORDCHeN 
Soocon ttn Oo 
DTN 000000 0 0000 


ROOMOAHENAR 
WORMARAOHOAND 
ANTAMIMOMWNOM 


reroownmnwst 


— 0.09 
~0.04 
- 0.03 
— 0.20 


NNANNNNANNNN 
INMEMAOTIGON 
MOMCGON COME 
NANTON HANSOMS 


Hinwor-onoon 
BASRA RONAN 


NNANNNNNNN 
59 19 Ta oD 1] 00. 91] 119 
tb 69 10 00 00 HO He 
TaMNOPINAAH 


WAOrIOOOMm Ah 


WISH HOORHOH 
SSSSOHYMNNAS 


AMDDOOWOWH DH 


WAMMIARONG 


ID DWAGWMSHNS 
ANOHNOMANOCMH 


rererwewwownnonst 


692 APPENDIX H: LONG-TERM ALMANAC 


STARS 


MULTIPLICATION TABLE 


SHA Annual Dec. Annual 
(1972.0) | Corr. (1972.0) Noo] A | B | C | D E F G 
3 ° ° i? ie / ° , ° , ° ta 
Bek . 015] 0.2] 1.8] 059.1] 15025] 015.0 
po eee arcs. 030] 05] 37] 1583] 30049] 0301 
Tero ere Re ee esos 045| 08] 55| 257.4] 4507.4] 0451 
clReticeeeeuile cia Roane 100| 1.0] 7.4] 3566] 6009.9] 100.2 
en the lies er 115| 1.2] 92] 455.7] 75123] 115.2 
5 ore = 130| 1.5]11.0|] 5548] 90148] 130.2 
e aes eee ers dake 145| 1.8]129| 654.0] 10517.2] 145.3 
Alpheratz 28 56.2 N ~ 0.33 2 00 2.0 | 14.7 7 53.1 | 120 19.7 2 00.3 
Ata Oba ciel oad 215| 22/166] 8523] 135222] 215.4 
fe ee Se sil| oe 230) 25/184] 951.4] 150246] 230.4 
Seat 3 sun EEN : 245| 2.8] 20.2] 10 50.5|16527.1| 245.5 
Ed Wesee eral Ruth 3.00 | 3.0] 221] 11 49.7 | 180 29.6] 3 00.5 
Basiesuee Ween 2061 315] 3.2] 23.9] 12488 | 195320] 315.5 
Cant Star ace Ean 330] 3.5 | 25.8 | 13 48.0] 210345] 3 30.6 
Capella ee ae a 345 | 3.8 | 27.6 | 14 47.1 | 225 37.0| 3 45.6 
5 Sane ee 400| 4.0 | 29.4] 15 46.2 | 240 39.4] 4 00.7 
po |e eee 415] 4.2| 31.3 | 16 45.4 | 255 41.9| 415.7 
Diphda Ae a Sol PENS 4.30 | 4.5 | 33.1] 17 44.5 | 270 44.4] 4 30.7 
state Rie otal (Egos 4451 4.8 | 35.0] 18 43.7 | 285468] 4 45.8 
nif oul al one 500 | 5.0| 36.8| 19 42.8 | 300 49.3] 500.8 
alh: sate ays ae 515 | 5.2| 386| 20 41.9 | 315 51.7] 5159 
PEE ee Wegaere alll eas 5 30 | 5.5 | 40.5 | 21 41.1 | 330 54.2] 5 30.9 
Kacheb Pore WL oins 5 45| 5.8 | 42.3 | 22 40.2 | 345 56.7| 5 45.9 
Menken Eat wecasl & aoe 6 00| 6.0 | 44.2 | 23 39.4 | 360 59.1] 6 01.0 
sea Fevis CANE aot 615| 6.2|460|24385| — 6 16.0 
Nunki aos | Lome 630| 6.5 | 47.8| 25376| — 6 31.1 
Dane Sere eee 645| 68| 49.7 | 26368) — 6 46.1 
Pollux 28 05.7 N —0.15 7.00 | 7.0 | 51.5 | 27 35.9 ae 7 O11 
Procyon 5 17-9 Ni —0.16 715 | 7.2 | 53.4 | 28 35.1 ry 7 16.2 
Ricoto ak aie od 730| 7.5| 55.2| 29342) — CRE 
Resuiie ene 745| 7.8] 57.0] 30333) — 7 46.3 
Rigel 8140S | -0.07 800) 80) 589) — =x 8 01.3 
Rigil Kent. | 6043.2S | 40.25 815) 82) 607) — Tt 8 16.4 
Schedar 56 23.0N | +0.33 8 30 | 8.5) 626) — a 8 31.4 
Sirius 16 40.6S | +0.08 845] 88) 644) — = 8 46.4 
Spica 1101.0S | +0.31 900) 9.0) 66.2) — 2 9 01.5 
Suhail 4319.18 | +0.24 915) 9.2 | 68.1 = 9 16.5 
N | 10:06 930} 95/699; — — 9 31.6 
945| 9.8| 71.8 - 9 46.6 
10 00 | 10.0] 73.6] — ~— 10 01.6 
1015 | 10.2| 754] — = 10 16.7 
10 30 | 10.5] 77.3) — — 10 31.7 
10 45] 10.8] 791]; — = 10 46.8 
1100] 110] 8Lo0} — = 11 01.8 
1b 15) 1e2)| 82.8 |e = - 11 16.8 
1130] 11.5] 846; — a 11 31.9 
11.45 | 11.8 | 86.5 — 11 46.9 
12 00 | 12.0 | 88.3 _ 12 02.0 
12 15 | 12.2 | 90.2 = 12 17.0 
52 12 30 | 12.5 | 92.0 — 12 32.1 
i) 
3 12 45 | 12.8] 93.8] — — 12 47.1 
3 13 00 | 13.0/95.7| — = 13 02.1 
0 13 15° | 13:2) 9728 = 13 17.2 
3 1330 | 135/994; — = 13 32.2 
13 45 | 13.8 13 47.3 
; ee 
5 56 | — | 14 00 | 14.0 14 02.3 
18 57 | — | 1415 | 14.2 14 17.3 
0 58 14 30 | 14.5 14 32.4 
2 59 | — | 1445 | 14.8 14 47.4 
43.4 60 = 15 00 | 15.0 15 02.5 


Decimal 


June 13 


APPENDIX I 
EXTRACTS FRO! 3. NO. 260 


TRUE BEARING OR AZIMUTH. 


LATITUDE 23°. 


DECLINATION—SAME NAME AS—LATITUDRE. 


Dec. 12° | 23° | b4° | 15° | 16° | 17° | 8° | 19° | 20° | Vue | 22° | Ve Dec. 
April. May. June. 
22 25 28 I 5 8 12 16 21 26 I 10 
August, July. 

Apparent 22 19 16 12 9 5 2 28 24 19 12 3 Apparent 
Time. Time. 
A.M. October. November. December, P.M 

25 28 31 2) 6 10 14 17 22 27 g IL sad 
February. January 
18 15 12 9 5 2 29 25 21 16 10 2 
or Le vias > a OFF: Ose. aes. Ok oO or ° id or fo} , h. m. 


40 

30 

20 

10 

VI OO 

50 

40 

30 

20 

10 

Vv oO 

50 

40 

30 

20 

10 

Iv 00 

| 10 50 

20 40 

30 30 

40 20 

50 10 

ix 00 Iii 00 

10 50 

20 40 

9 30 

40 20 

50 10 

xX 00 Wi 00 

10 50 

20 40 

30 30 

40 20 

50 10 

Xi 00 1 00 

10 50 

20 40 

30 30 

40 20 

XI 50 XII 10 

h.m h.m h.m.| hm him h.m h.m ee h.m.| him him 
Sunrises... 5 39 5 38 5 36 5 34 5 32 5 30 5 28 5 26 5 24 5 22 5 21 5 18 Sun rises. 
Sunsets’ s=. : 6 21 6 22 6 24 26 6 28 6 30 6 32 6 34 6 36 6 38 6 39 6 42 Sun sets. 
fe} vs fe} / ° Z fo} / fo} / fe} / fo} 4 fe) ‘ c / pe) / fe) ‘ fe) / 

Azimuth. . 76 57 75 51 74 461 73 40| 72 35 | 71 29 | 70 23 | 69 17 II 67 05 | 6559] 64 53 Azimuth, 


In North latitude, when the body is rising or East of the meridian, the tabulated azimuths are reckoned from North to East; and when the body 
is setting or West of the meridian, the tabulated azimuths are reckoned from North to West. 

In South latitude, when the body is rising or East of the meridian, the tabulated azimuths are reckoned from South to East; and when the body 
is setting or West of the meridian, the tabulated azimuths are reckoned from South to West. 
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694 APPENDIX I: EXTRACTS FROM PUB. NO. 260 


TRUE BEARING OR AZIMUTH. 


=. = 
LATITUDE 24°. 
DECLINATION—SAME NAME AS—LATITUDE. 
= i= ic 3 7 
Dec. 3° 4° 5° 6° | i oa s° S271 Os | ia Dec. 
April, 
28 31 3 S| 8 II 13 16 | 19 
September. August. 

Apparent 23 21 18 16 13 10 Be hhees 2 30 28 | 25 Apparent 
Time. Time. 
A.M. September. October. P. mm. 

23, 26 28 I 4 6 Om uh mie 14 17 19 | 22 
March. February. 
21 18 16 13 II 8 6 3 I 26 if 23 20 
he m, ° , of ol ° , OF ° , Da fe} / ° / ° ‘ ° , fe} va h. me 
WEG On eae Aa tee El crates bare betta cated ey sumaoatann Poses Batons 83 30] 8235] 81 41 80 46 | 79 51 78 56 10 
Vi 00 go 00 | 8905] 8810] 87 16 | 86 21 | 85 26 | 8431] 83 36] S241] 81 46| 8051] 79 56 Vi 00 
10 git or | go 89 11 | 88 16] 87 21 | 86 26/] 85 31 | 84 36] 83 41 | 82 46] 81 50] 8055 50 
20 92 02] 9107] 9012] 8917] 88 22| 87 27 | 8631 | 85 36] 84 40|] 83 44] 8249] 81 53 40 
30 93 04 | 9209] 91 13] 9018] 89 23] 8827] 87 31] 8635] 8539] 84 43] 83 47] 82 50 30 
40 94.06} 93 11] 9215] 91 19| 90 24| 89 28| 88 3r| 8735 | 8638] 85 42] 84 45| 83 48 20 
50 95099] 9413] 9317] 9221 | 91 25] 9029] 89 32] 88 35| 87 38] 86 41 | 85 43 | 84 46 10 
VII 0O 9613] 9517] 9421] 93 24| 9227] 91 30] 9033] 89 36] 88 38] 8740] 8642] 85 43 V oo 
10 97 18 | 96 22| 95 25| 94 28] 93 30] 92 32] 91 34| 9036] 8938] 8839] 87 40} 86 41 50 
20 98 25| 97 28] 96 31] 95 33| 9435 | 93 36| 92 37| 91 38} 9039] 8939] 8840] 87 39 40 
30 99 34 | 9836] 9738] 9639] 9540] 94 41 | 93 42 | 92 42] 91 41] 9041 | 89 40] 88 38 30 
40 || 100 44] 9946] 98 47| 97 48| 96 48| 95 48] 9447] 93 46) 9245] 91 43| 9041 | 89 38 20 
50 || ror 57 | 100 58 | 99 58 | 9858] 9757] 9656] 9555] 9453] 9359] 9247) 91 44] 90 40 10 
VilI OO 103 13 | 102 13 | Ior 12] 100 rr | 99 09! 9807] 9704] 96 01] 9457] 9353! 92 48] 91 42 iV OO 
10 104 32 | 103 30 | I02 28 | ror 26 | 100 24 | 99 20| 98 16| 97 11 95 00 | 93 54! 92 47 50 
20 105 54 | 104 51 | 103 48 | I02 45 | Ior 41 | 100 36 | 99 31 | 98 25] 97 18] 96 10] 95 02] 93 53 40 
30 197 20 | 106 17 | 105 13 | 104 08 | 103 02] Ior 56] 100 49] 99 42 33. | 97 23] 9613} 95 03 30 
40 108 51 | 107 46 | 106 41 | 105 35 | 104 28 | 103 20 | 102 II | IOI 02} 99 SI 40 | 97 28| 9615 20 
50 II0 26 | 109 21 | 108 14 | 107 06 | 105 58 | 104 48 | 103 38 | 102 26 | Iol 14 | 100 or | 98 46 | 97 31 10 
IX 00 112 08 | 111 ot | 109 53 | 108 44 | 107 33 | 106 22 | 105 I0 | 103 56 | 102 41 | Tor 26 | 10009] 98 51 Imi 00 
10 113 56 | 112 48 | 111 38 | 110 27 | 109 15 | 108 02 | 106 48 | ro5 32 | 104 15 | 102 56 | Io 37 | 100 16 50 
20 115 52 | 114 42 | 113 31 | 112 18 | III 04 | 109 49 | 108 32 | 107 14 | 105 54 | 104 33 | 103 II | Ior 47 4U 
30 117 56 | 116 45 | 115 32 | 114 18 | 112 02 | III 45 | 110 26 | 109 05 | 107 42 | 106 18 | 104 52 | 103 25 30 
40 120 09 | 118 57 | 117 43 | 116 27 | 115 09 | 113 49 } 112 28 | I1I 04 } I09g 38 | 108 11 | 106 42 | 105 11 20 
50 122 33 | 121 20 | 120 04 | 118 47 | 117 27 | 116 05 | 114 41 | 113 15 | III 46 | 110 16 | 108 42 | 107 07 10 
xX OO 125 10 | 123 56 | 122 39 | 121 20 | 119 58 | 118 34 | 117 08 | 115 39 | 114 07 | 112 33 | 110 55 | 109 15 i 00 
10 128 00 | 126 45 | 125 28 | 124 07 | 122 44 | I21 18 | 119 50 | 118 18 | 116 43 | II5 05 | 113 23 | III 38 60 
20 131 06 | 129 51 | 128 33 | 127 12 | 125 48 | 124 20 | 122 49 | 121 15 | 119 37 | 117 55 | 116 09 | 114 20 40 
30 134.29 | 133 14 | 131 56 | 130 35 | 129 IL | 127 43 | 126 11 | 124 34 | 122 53 | 121 07 | 119 18 | 117 23 30 
40 138 11 | 136 58 | 135 41 | 134 20 | 132 57 | 131 26 | 129 54 | 128 18 | 126 35 | 124 47 | 122 53 | 120 53 20 
50 142 13 | 141 04 | 139 50 | 138 31 | 137 08 | 135 41 | 134 09 | 132 31 | 130 48 | 128 58 | 127 02 | 124 58 10 
XI OO 146 38 | 145 32 | 144 22 | 143 07 | 141 48 | 140 25 | 138 55 | 137 20 | 135 37 | 133 48 | 131 51 | 129 45 I 00 
10 151 24 | 150 25 | 149 21 | 148 13 | 147 00 | 145 42 | 144 18 | 142 47 | 141 09 | 139 23 | 137 29 | 135 25 50 
20 || 156 34 | 155 42 | 154 47 | 153 47 | 152 43 | 151 34 | 150 20 | 148 59 | 147 29 | 145 50 | 144 03 | 142 05 40 
30 162 04 | 161 23 | 160 38] 159 50] 158 58 | 158 oF | 156 59 | 155 5I | 154 36 | 153 13 | I5I 40 | 149 57 30 
40 167 52 | 167 23 | 166 52 | 166 18 | 165 41 | 165 00 | 164 15 | 163 26 | 162 31 | 161 30 | 160 21 | 159 03 20 
XI 50 173 52 | 173 38 | 173 22 | 173 04 | 172 44 | 172 23 | 172 00 | 171 34 | 171 05 | 170 32 | 169 54 | 169 12 XII 10 
A h.m.| h.m.| h.m.\| hom.| h.m.| h.m.| h.m.| h.m.| him.| him.| him him. 
Sunrises. . . 6 00 5 58 5 56 5 55 553 5 51 5 49 5 47 5 46 5 44 5 42 5 40 || Sun rises, 
Sunsets . 6 00 6 02 6 04 6 05 o7 6 09 6 11 6 13 6 14 6 16 6 18 6 20 Sun sets. 
Azimuth See: 90 00 88 54 85 49 8% 43 85 39 84 32 83 26 82 20 8t 14 Ro 08 79 04 rtd 57 Azimuth. 


In North latitude, when the body is rising or East of the meridian, the tabulated azimuths are reckoned from North to East; and when the body 
is setting or West of the meridian, the tabulated azimuths are reckoned from North to West. 

In South latitude, when the body is rising or East of the meridian, the tabulated azimuths are reckoned from South to East; and when the body 
is setting or West of the meridian, the tabulated azimuths are reckoned from South to West. 


APPENDIX I: EXTRACTS FROM PUB. NO. 260 695 


TRUE BEARING OR AZIMUTH. , 


LATITUDE 24°. 
DECLINATION—SAME NAME AS—LATITUDE. 
Dec. 12° | b3° | W4° | 15° | 16° | 27° | WBS | 19° | VOC | Vue | VV° | Vz° Dec. 
April, May. June. 
22 | 25 28 I | 5 | 8 | 12 | 16 | 2X | 26 I 10 
August. | July 
Apparent 22 | 19 16 12 | 9 | 5 2 28 | = 24 | 19 12 3 Apparent 
Time. Time. 
A.M. October. November. December. P.M. 
25 28 31 sj 6 | 10 | 14 | 17 | 22 | 27 3 I 
February. January, 
18 15 12 9 | 5 2 29 | 25 | 21 | 16 | 10 2 
he m. Oe we 2) OC) F OF ¥, a ov Ct (ed ° / Oca. or Ow. h. Mm. 
AE Te recent lars dete wae tera etea iw cree ev eleixigamainleoiaceurce le matin tadaenleteea omelet kale e 65 56| 65 02 40 
BO cx Soc pub aes cas few bem arehane seh aopona create 71 28 | 7033] 69 39] 68 45| 67 50|] 6656| 66 o2 30 
40 77 OL | 7607] 7512] 7417] 73 23| 72 28] 71 33] 7038] 69 44 49 | 67 54] 6659 20 
50 78 or) 7706) 7611} 7517) 7421] 73.26) 723%) 71% 36| 7o4r! 69 45 68 50) 67 54 10 
VI 00 79/0) | 7806: 77/10) 76 15") 75-5 74 24| 73 28| 7232] 71 36] 70 41] 69 44] 68 48 VI 00 
10 79 59| 79 04| 78 08| 7712] 7616} 75 20} 74 24] 73 27| 7231 | 71 34 | 7038] 69 41 50 
20 80 8001 | 79 04 || 78°08] 77 11 | 7615 | 75 18.) 74 25] 73,24] 72:26 | 71 29} 70.31 40 
30 81 54 | 8057] 8000] 790 WBro6nl) 7709) FOIL |) 75 13 74 15) |) yee q8 |! Geer x=2y 30 
40 82 51] 8154] 8056] 795 79 00} 7802] 7704] 7605] 7507] 7408] 73 72 09 20 
50 83 48 | 8250] 81 51} 8053] 79 54] 7855] 7756] 7656] 7557] 7457] 7357] 7256 10 
VII 00 84 44] 83 45 | 82 46] 81 47| 8047] 79 47} 7847] 7747] 7646] 7545] 7443| 73 42 Vv 00 
10 85 41] 84 41] 83 41 | 8241] 81 40] 8039] 79 38] 7836] 77 34| 7632} 75 30] 74 27 50 
20 86 39 | 85 38 | 8436] 8335] 8233] 8131 | 8028] 79 25| 7822] 7719] 7615] 75 11 40 
30 87 37 | 8635] 85 32] 84 29] 83 26] 8223] 8119] 8014] 79 10] 78 05| 7659] 75 54 30 
40 35 | 87 32] 86 28} 85 23] 84 20] 83 a 8209 | 81 03] 7957] 7851 | 7744] 763 20 
50 89 35 | 8830] 8725] 8619] 8513] 84 8259 | 81 52 44| 79 36| 78 27| 77 18 10 
Vili 00 go 36 | 89 30] 88 23] 87 16| 86 08} 8459] 8350] 8241] 8131] 8021] 79 10] 77 59 Iv 00 
10 91 39] 9031 | 89 22] 8813] 8703] 8553] 84 42] 8330] 8218] 81 06 | 7953] 78 39 50 
20 92 44] 91 34 | 902 89 12 | 88 00 47 | 85 34 | 84 20] 83 06| 81 51 35 | 79 19 40 
30 93 51 | 92 39] 91 go 12] 8858] 8743] 86 27] 85 10] 8353] 8236] 8117] 7959 30 
40 95 O01 | 93 46] 9231] 9115] 89 58 40 | 87 21 | 86 02{ 84 42] 8321] 81 59| 80 3 20 
50 96 14] 9457} 93 39] 92 20] 91 00} 89 3g] 8817] 8654] 85 31] 8407] 8243] 81 17 10 
rx 00 97 32] 9611 | 9450] 93 28| 9205{ go yo] 891 87 49 | 86 22] 8454] 83 26| 81 56 Til 00 
10 98 54] 97 30 94 49] 9313] 91 45| 90 16] 8845] 87 14] 85 42| 8409] 82 35 50 
20 Too 21 54| 97 26] 95 56] 9425] 9252] 9119] 89 44| 88 08] 8631] 8453] 83 14 40 
30 || ror 55 | 100 24} 98 5t | 9717] 9542] 9405 | 92 26| 9046] 89 04] 87 22] 8539] 83 54 30 
40 103 37 | 102 02 | 100 25] 98 46] 97 04| 95 22] 93 38] 91 52] 9004] 8815] 86 25] 84 34 20 
50 || 105 29 | 103 49 | 102 06 | 100 22 | 98 35| 96 46] 9455] 9302] 9107] 89 11] 87 13] 85 15 10 
xX OO 107 33 | 105 47 | 103 59 | 102 08 | 100 14 | 9818] 96 19] 94 18] 9216] go 11) 8804] 85 56 ii 00 
10 109 50 | 107 59 | 106 04 | 104 06 | 102 05 | 100 or | 97 53 | 95 43] 93 30] 9115 | 8858] 86 39 50 
20 I12 26 | Ito 28 | 108 26 | 106 20 | 104 10} ror 56] 99 39 | 9717} 9453] 92 26| 89 56] 87 25 40 
30 II§ 23 | 113 18 | III 09 | 108 54 | 106 34 | 104 0g | 101 39 | 99 04] 9627] 93 45| 9100] 88 11 30 
40 118 47 | 116 36 | 114 17 | 111 53 | 10g 22 | 106 44 | 104 00 | ror 11 | 9815] 9516] 9212] 89 04 20 
50 122 47 | 120 29 | 118 03 | 115 27 | 112 44 | 10g §2 | 106 51 | 103 43 | 100 27 | 97 04 | 93 35] 90 02 10 
XI 00 127 31 | 125 07 | 122 32 | 119 47 | 116 50 | 113 42 | IIo 22 | 106 48 | 103 08 | 99 16 | 95 15] 97 08 I 00 
10 133 09 | 130 42 | 128 02 | 125 08 | 121 59 | 118 33 | 114 51 | 110 §2 | 106 37 | 102 06 | 97 22] 92 28 50 
20 139 55 | 137 3 | 134 52] I31 54 | 128 35 | 124 57 | 120 51 | 116 20 | 111 24 | 106 02 | 100 16 | 94 13 40 
30 148 O1 | 145 50 | 143 21 | 140 31 | 137 15 | 133 31 | 129 13 | 124 13 | 118 28] 111 56 | 104 40 | 96 46 30 
40 157 33 | 155 50 | 153 5I | I5I 29 | 148 41 | 145 19 | 141 10 | 136 07 | 129 50 | 122 03 | 112 30 | 101 18 20 
XI 50 168 23 | 167 25 | 166 16 | 164 54 | 163 12 | 161 03 | 158 17 | 154 35 | 149 26 | 141 55 | 130 34 | 113 56 XII 10 
him.| hom,| h.m.| him.| him.| hom him. | hom him h.m him him. F 
Sunrises. . . 5 38 5 36 5 35 5 33 53x 5 29 5 27 5 25 5 23 ese 5 19 16 Sun rises. 
Sunsets . . 6 22 6 24 6 25 6 27 6 29 6 31 6 33 6 35 6 37 6 39 6 41 44 Sun sets, 
° c fe} fo} 
Azimuth... 7% st % 45 4 39 5 33 72 6 1 20 7o 14 69 07 68 or | 66 54 65 47 64 4t Azimuth, | 


—— 


In North latitude, when the body is rising or East of the meridian, the tabulated azimuths are reckoned from North to East; and when the body 


is setti 1 West of the meridian, the tabulated azimuths are reckoned from North to West. 
as in ‘South latitude, when the body is rising or East of the meridian, the tabulated azimuths are reckoned from South to East; and when the body 


is setting or West of the meridian, the tabulated azimuths are reckoned from South to West. 


APPENDIX J 
EXTRACTS FROM PUB. NO. 261 


AZIMUTH OR TRUE BEARING. 


LATITUDE 51°. DECLINATION—SAME NAME AS—LATITUDE. LATITUDE 51°. 


56° 59° | Hour Angle. 


OHWE DMO 
O HW D~110 


In North latitude, when the star is rising or East of the meridian, the tabulated azimuths are reckoned from North to Kast; and 
when the star is setting or West of the meridian, the tabulated azimuths are reckoned from North to West. 


In South latitude, when the star is rising or East of the meridian, the tabulated azimuths are reckoned from South to East; and 
when the star is setting or West of the meridian, the tabulated azimuths are reckoned from South to West. 


When the latitude and declination are of different name, the tables are to be entered with the supplement of the hour angle and the 
supplement of the tabulated azimuth is to be taken for the required true bearing. 
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AZIMUTH OR TRUE BEARING. 


LATITUDE 52°. DECLINATION—SAME NAME AS—LATITUDE. LATITUDE 52°. 
Hour Amgie. | 48° 49° 50° 51° 52° 53° 54° 55° 56° 57° 58° 59° | Hour Angle. 
h. m. Of at Ou? Orr Ft Oivk or O rv or OFF 1° ar 1 wth Oo}? he mm. 
oO QO | 180 00 | 180 00 | 180 00 | 180 00 bed 0 00 0 00 0 00 0 00 0 00 © 00 © 00 oO 00 
10 157 08 | 151 06 | 140 50 | 121 44 | 89 of 55 42 35 58 25 23 19 10 15 I! 12 25 10 25 10 

20 13g 16 | 131 22 | 120 28 | 105 51 88 02 | 69 50] 54 24 | 42 46] 34 19 | 28 08 | 23 31 19 59 20 

30 | 126 45 | 119 13 | 110 or | 99 09 | 87 03] 74 41 | 63 08| 53 06] 44 48] 3803] 32 36| 28 12 30 

40 | 117 59 | 111 19 | 103 42} 95 11 | 86 03 | 7643] 67 40] 5917] 5147] 45 16 39 42 | 34 56 40 

5O | x11 34 | 105 46 | 99 21 | 92 24] 85 04] 77 35| 7010] 6305] 56 28| 50 27| 45 04] 4017 50 

1 OO | 106 39 | ror 34] 96 03 | 9012] 8405] 77 49| 71 35| 65 29| 5938] 54 11 06 2 1 00 
10 | 102 42] 98 12] 93 24] 88 20] 83 05] 77 43] 7219] 67 00] 61 48| 5650 oe 08 ri 10 

20 | 99 25] 95 23| 91 08| 86 44| 8205] 77 23| 7239] 67 55| 63 16| 5845] 5424] 5017 20 

30 96 36 | 9257] 8909] 85 11 | 81 06) 7655] 72 40| 68 27| 6414| 6007] 56 06| 52 13 30 

40 94 07 | 90 48 | 87 21 | 83 46| 8005] 76 19] 7230] 68 39] 64 50] 6103] 57 20] 53 42 40 

50 <54| 8851 | 85 42 | 82 27 | 7905| 75 40| 721r| 68 40| 65 10 | 61 39| 5812| 54 48 50 

2 00 89 50 | 87 03 | 84 08 | 81 09} 7805] 74 56] 71 44| 68 30] 65 15] 6202] 58 48] 55 36 2 00 
10 87 57 | 85 21 | 8240] 79 54] 7704] 7410] 7113] 6814] 6512] 6211] 59 10] 56 Io 10 

20 86 11 | 8345] 81 16} 78 41 | 7603] 73 21 | 7037) 6749] 65 or | 6212] 59 22] 56 31 20 

30 | 84 30) 8214] 7953| 7729] 7501] 72 31| 6957] 67 21 | 64 43] 6203] 59 23 | 56 44 30 

40 | 8253| 8045] 7833 | 7618] 74 00] 71 38] 69 14| 6647] 6419] 61 49] 59 18| 56 46 40 

50 81 21} 79 20) 7716] 7509] 7258] 7044] 68 29] 6611] 6350] 61 29| 59 06] 56 42 50 

3 00 | 7951] 7756] 7559] 7359] 71 56] 69 49| 67 42| 65 31| 63 18] 61 04] 58 49| 56 32 3 00 
10 | 78 23| 7635] 74 43 | 7249} 7053] 6853] 6652| 64 48| 62 42| 6035 | 58 26| 56 16 10 

20 76 58 | 75 15] 73 28] 71 40] 69 49| 6756] 6600| 64 04| 6204]! 6003] 5800] 55 56 20 

30 75 34| 73 56) 721%5| 70 32| 68 46| 6658] 65 08| 63 16| 61 22] 59 26] 57 29] 55 31 30 
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In North latitude, when the star is rising or East of the meridian, the tabulated azimuths are reckoned from North t¢ Kast; and 
when the star is setting or West of the meridian, the tabulated azimuths are reckoned from North to West. 

In South latitude, when the star is rising or East of the meridian, the tabulated azimuths are reckoned from South to East; and 
when the star is setting or West of the meridian, the tabulated azimuths are reckoned from South to West. 

When the latitude and declination are of different name, the tables are to be entered with the supplement of the hour angle and the 
supplement of the tabulated azimuth is to be taken for the required true bearing. 
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APPENDIX L 
EXTRACTS FROM TIDE TABLES 


NEW YORK (THE BATTERY), N.Y., 1975 


TIMES AND HEIGHTS OF HIGH AND LOW WATERS 


JANUARY FEBRUARY MARCH 
TIME HT. TIME HT TIME HT. TIME HT. TIME HT. TIME HT. 
DAY DAY DAY DAY DAY DAY 
H.M FT HM. Fr. H.M ET. H.M. Fil. HM. Rie HM. FT. 
1 0422 -0.8 16 0431 0.0 1 0554 -0.6 16 0503 0.2 1 0442 -1.0 16 0416 -0.1 
W 1043 BT TH 1045 4.1 SA 1213 4.5 SUA ul 3.8 SA 1058 4.8 SU 1013 4.0 
1659151 1656 -0.2 1818 -0.7 1704 0.1 1658 -0.9 1613 0.0 
2321 4.6 2319 338 2338 4.0 e325 5,1 2223 4.4 
2 0516 © =0.6 17 0501 0.2 2 0047 4.8 i? 80535 0.3 2 0533) =0156 17 0443 0.0 
THe-1138 4.9 Fars 20 369 SU 0659 -0.2 M 1149 3.6 SU) NT S2 4.4 M 1043 3.8 
1749) «-0.9 1722 0.0 1309 4.1 1.733 Diae 1749 = -0.5 1637 Wer 
2557 3.7 191s =0..3 2259 4.4 
3 0017 4.6 18 0533 9.4 3 9142 4.6 18 on2n 4.0 3. 0921 4.9 18 0517 0.2 
F 0615 -9.4 SA 1154 Sieh M 0808 9.0 TU 0621 0.5 M0637" =0!52 TU 1124 3.7 
1234 4.6 1746 0.2 1405 3.8 1231 3.5 1247 4.1 1708 0.3 
1847 -0.6 2024 -0.1 1818 0.4 1847 0.0 2346 4.3 
4 0111 4.6 19 0029 staf 4 0240 4.4 19 0108 4.1 4 0115 4.6 19 0602 0.4 
SA 0724 -9.1 SU 0613 0.6 TU 90915 0.1 Ww 0759 9.6 TE O7S9 0.1 W 1218 3.6 
1329 4.3 1228 34\0 1508 3.6 1329. 3.4 1344 3.8 1752 0.5 
1951 -9.4 1818 0.3 eee 0.0 e}3i2 0.5: 1956 0.3 
5 0207 4.6 20 0108 3.8 5 0341 4.3 20) 0211 4.1 Se 0212 4.3 20 0042 4.3 
SU 0835 9.0 M 0727 On7 W 1015 9.0 TH 0926 0.5 W 0848 0.3 TH 0724 0.5 
1428 4.0 1311 3.4 1612 350) 1439 3.3 1443 3.6 1318 3.6 
2053 -0.3 1917 0.4 2225 0.0 2125 0.4 2103 0.4 1906 0.6 
6 0307 4.5 21 0156 3.9 6 0444 4.3 el O27 4.2 6 09T2 4.1 21 +0146 423 
M 0939 -0.1 TU 0856 0.7 THY 17:70 =0).1 1026 0.2 TH 0949 053 0853 0.4 
1530 357 1404 Joel 1715 3.5 1607 3.5) 1545 325 1429 3.6 
2153 -0.3 2050 0.4 2320 0.0 2233 Osa 2204 0.4 2106 0.5 
7 0407 4.5 22 02D S 4.0 7 0542 4.4 22 0444 4.5 J. O815 4.1 22 0300 4.3 
TU 1038 -0.2 Ww 1001 9.4 Fo°2200' =0.2 SA 1123) -=0.2 F 1041 0.2 SA 0959 OS2 
1635 3.6 1515 Jee 1811 eled! 1718 a. 9 1649 3.6 1548 3.9 
2247 -0.3 2157 Mee 2334 ~=0.3 2258 Was CE 0.2 
8 0508 4.6 23 0404 4.2 8 0009 -0.1 23 0545 4.8 8 0513 4.2 23 0417 4.5 
We 13h, 0E3 TH 1087 0.1 SA 0629 4.5 SU 1214 -0.6 SA 1131 0.0 sue 9056, =052 
1735 Sei 1637 3.4 1246 -0.3 1816 4.4 1744 3.8 1658 4.3 
289) ae= Olas 2256 9.0 1856 3.9 2347 0.1 CNY O72 
9 0603 4.7 24 0510 4.5 Se O0S7 e i=0).2 24 On3N -0.7 9 0603 4.3 24 «0524 4.8 
TH 1222 . =.4 F 1160 “-0:2 SU 0713 4.6 M 0640 Disc SU) F216: -=0.53 M 1147) -0.5 
1828 3.8 1742 Sirz, 1329 -0.5 1306 =-1.0 1830 4.1 1755 4.8 
2352) 2-013 1937 4.0 1999 4.8 
10 0028 -0.4 25 0609 4.9 10 #0141 -0.3 ZOO Z SE m0 10 0033 0.0 25 0011 -0.6 
F 0649 4.8 SA 1242 -0.6 Mi (0762 4.6 TU 073) 5.4 M 0645 4.4 TU 0620 5.0 
1310) «-0.5 1838 4.0 1410 +-0.5 1 3'545 =a 32) 1259-053 1238 -0.8 
1915 309 2015 4.1 1959 Siac 1909 4.3 1848 §.2 
TPS OT UZ «ON 26 9048 -0.6 11 0222 -0.4 26 0215. .-1.3 VA SORT © =0).:2 26 0107 =1.0 
SA) 07.33 4.8 SU 0701 Ler TU 0829 4.6 W 0820 5.4 TU 0726 4.5 WE sO7i2 Sve 
1354 -0.6 1330 -1.0 1449 -0.6 1441 -1.4 1341 -0.4 13289 *=)T 
1959 3.9 1929 4.4 2053 4.2 2048 5.4 1946 4.4 1938 5.6 
12 0202 -0.4 27 0140 -0.9 12 0300 -0.4 27 0305 -1.4 V2. 0168 -0.3 27 SO0NS7 =152 
SU 0814 4.8 M 0749 5.4 W 0906 4.5 TH 0912 5.3 W 0803 4.5 TH 0802 53 
1436 -0.6 1419 -1.3 123) =0)..5 1526 -1.4 1418 -0.4 1416 -1.2 
2040 3.9 2019 4.7 2129 4.2 2139 5.4 2022 4.5 2025 S.7 
13° 0242 «=-0.4 Coan 022 lem lo 130335) <0'53 285 103520 calles 13° 0237 -0.4 28 0247 -1.3 
M 0854 4.7 TU 0840 WW) TH 0941 4.3 Fe 1003 Lie TH 0837 4.5 Fe 0ss2 5.2 
1516 -0.6 1505 -1.4 1555 -0.4 Ws oi) a 1453) -0.4 TS025 1a 
2122 329 2110 4.9 2203 4.1 2232 533 2054 4.5 2114 cies 
14 0321 -0.3 29: | O32 )iea=1 (ic 14 0407 -0.2 V4 0373, =-0.4 294 (03838) =)ii2 
TU’ 0931 4.5 W 0931 5.4 Fa OAT 4.1 FOS 2 4.3 SA 0942 4.9 
1552.61 0,5 1550 -1.5 1622 -0.2 1826-073 1647 -0.9 
2202 3/9 2203 Jel0) 2235 4.1 2126 4.5 2206 5.5 
TES 0SS3 = 00) 30 0410 -1.2 1S 0435 9.0 15 0346 -0.3 30 0422 -0.9 
Ww 1011 4.3 TH 1024 Lpre SA 1043 Elo) SA 0941 Ane SU. 1037 4.7 
1625 -0.4 1635. -1.3 1643 -0.1 1557-0.) 1632 -0.6 
2242 3.8 2258 5.9 2307 4.0 2152 4.5 2259 Bost 
31 0459 -0.9 31. 0572) =0..6 
F 17120 4.9 Me 32 4.3 
AAS aA) W215 =052 
2354 4.9 2352 4.9 


TIME MERIDIAN 75° W. 0000 IS MIDNIGHT. 1200 IS NOON. 
HEIGHTS ARE RECKONED FROM THE DATUM OF SOUNDINGS ON CHARTS OF THE LOCALITY WHICH IS MEAN LOW WATER, 
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TABLE 2.—TIDAL DIFFERENCES AND OTHER CONSTANTS 


NEW YORK and NEW JERSEY — Continued 
Hudson Rivert 


Time meridian, 75°W. 


on NEW YORK, p.56 


1513 | Jersey City, Pa. RR. Ferry, N. J-en= +0 =O |e *OsOle4. 4 Sidi) sac 
1515 | New York, Desbrosses Street=---=-==- +0 Orally “OO Cy pall Bae 
1517 | New York, Chelsea Docks-=---------== +0 =() cin OcOle dao) 5.e) 2.0 
1519 | Hoboken, Castle Point, N. J-ee-----= +0 -0.2 ORO|4 S|) Dinca 
1521 | Weehawken, Days Point, N. J-e-----=- +0 =O. 51" O,0lm4.2| 5.0) cod 
1523 |New York, Union Stock Yards-= om mane +0 -0.3 ONO! re Qell sO) acl 
1525 | New York, 130th Street-------------- +0 -0.5 0.0} 4.0] 4.8] 2.0 
1527 | George Washington Br idgew-=--=--=---= +0 =0.,6}| O0.0|53.9) 4.6] 2.9 
1529 | Spuyten Duyvil, West of RR. bridge-= +0 On OOo. 0) 400) Leg 
1531 | Yonker Seeeeneee nan = = - == +1 10] -0.8] 0.0) 3.7) 4.4) 1.8 
1533 | Dobbs Ferry—--------------—-=--=--=-- NAO) mde. L OnOle oe 41-4 Olle ae 7 
1535 | Tarr ytown—e—----—-- = - - = +54 aS OHO) ee Sarl aba 
1537 | Ossiningrenere nanan nnn nnn nnn nnn aL A ed aA OO) eae | O66 |e dieo 
1539 | Haver straw-m------- = = == AINA) | MSe5Ss| E59) 2525) |) 16 OFO|S2.9" 3.4) 1.4 
1541 | Peekski | | --------------------------- ALOT |S GenG tone +n Ole =e oie Hono mc o|emale4i| Lien) 
1543 | West Pointeeween--nn-------- n-ne -- | 41 24] 73 57] 43:16] +3 37) -1.5] 40.3] 2.7] 3.1] 1.6 
1545 | Newbur gh-ene-----8n n-ne nn nnn nnn AL 30) | 7400 || 43 42) "+45 00) =05 74002) 02.8) S.c] 1.6 
1547 | New Hamburg--------------------=-=-- AVSS 5) ATS 57: || 47 OOH 44825 eal SietO seer OS.) LS 
1549 | Poughkeeps i em=---------------------- 41 42) 73 57] +4 30] 4 43] -1.3] 40.1) 3.1] 3.5] 1.6 
1551 |Hyde Park--------------------=-----= 41 47 | 73 57 | +4 56] +5 09| =-1.3 OLO]| Gee) ee) sons 
1553 | Kingston Point---------------------- 41°56 } 75*58) | +5116 | 45532) -0.9) =—O-L| 3.7) 4.2) 1.7 
1555 | Tivol j ------------------------------ 42 04) 73 56 | +5 46) +6 01) =0.8) =0.2)/ 3.9) 4.4) 1.7 
1557 | Catski | | -------------~-------~------ 42 13 | 73 51.| +6 37) +6)55| <0.7\| =<O75) 4.1) 4.6] 1.7 
1559 | Hudsone------- == = - 42 15] 73 48] +6 54| +7 09] -0.91 -0.4] 4.0] 4.4] 1.6 
on ALBANY, p.60 
1561 | Coxsack | e-------------------------=-- 42 21] 73 48 | -1 01] -1 38| -0.5] 4+0.2] 3.9) 4.3] 2.1 
1563 | New BaltImore----------------------- 42 27 | 73 47} -O 34 | -0 56} -O.1| 40.4] 4.1] 4.5) 2.4 
1565 | Cast | eton-on-Hudson------------=---- 42 32) 73 46] -O0 17| -O 29] -0.2) +0.1] 4.3] 4.7] 2.2 
1567 | ALBANY --=<=-----=--------=------==--- 42 39 | 73 45 Dally predictions 4.6) 5.0] 2.5 
HBAS) | Yin Wecsesse Saeco see cessor serenee 42 44] 73 42 | +0 08 | +0 aH pes 0.0] 4.7| 5.1] 2.3 
The Kills and Newark Bay on NEW YORK, p.56 

Kill Van Kull 
alayal Constable Hookweensee----------= | 40 39 | 74 05 | -O 34] -O 21 0.0 (OOP eis) BZal) Bare 
1573 New Br i ghtoneena--- nnn nnn anne 40 39| 74 05} -O 12) -0 18 0.0 OLOWPA |) 564) ee 
575. Port Richmond----9-------<-----== 40 38 | 74 08} -O 03] +0 05 0.0 OLSON 45) O64 ese 
L577 Bergen Pointq-eene-en---------= | 40 39 | 74 08 | +0 03] + 03] W.1 OVO 4. OH 1520) eo. 
1579 | Shooters |sland----------------<--- AQES9 || ALOT +O) OG |e 4OnaS: |b 40). Lil) 0. Ola. 60s O)|l ano 
1581 | Port Newark Terminal ---------------- AQ) 41 | 74°08 | -O OL. | 40) 28! 40.6)) 0.0105.1) 6.2) 2.5 
1583 | Newark, Passaic Rivermenna---eeenH= AQAA, | iAeLOs4On cen +Or Oe |) tO. 60am OO) oct G emcee a 
1585 | Passaic, Gregory Ave. bridge emma | 40 SL | 74 OF: | 40) 497) 41557 | 40.6) 10.05.26.) 2.5 

Hackensack River 
1586 Kearny Point-------------<------- 40 44 | 74 06 | +0 09 | 40 33] +0.5 OoOleeoe Oi GOl a0 
1587 SCCAUCUS mer mn nnn nn nnn an nan 40 48 | 74 04 | +1 13 | +1 09] +0.6 sO Pith) sab) eS 
1588 Little Ferrycwese--------------- 40 507402" | 4 224k VA +0),8 ORO PEO wore 4|| erent 
1589 Hackensack ern n meen n rn renee 40 53 | 74 02 | +1 33 | 41 58) 40.8 O.OiMS 15:|) Ged} 2.6 

on SANDY HOOK, p.64 

Arthur Kill 
1591 Blilizabethpomhea==—-—=====————— na —= 40 39 | 74 11 | +0 25 | #0 39] 40.3] 0.0] 4.9) 5.9] 2.4 
1593 Chel Sea ----- 999 -- 9 ---- == 40 36 | 74 12 | +0 24 | +0 35] 40.4 O50} ie 5 O)MOSO! | 2.5 
1595 Carteret ------------------------ 40 35 | 74 13 | +0 23 | +0 32) 40.5] 0.0) 5.1] 6.2] 2.6 
1597 Rossvi | | @---9-=-9==9 99 -=-- == ---- AQNSS) \AT4. 13) 40 LT e408 25) 4007 O50|+5.5)) 6.4) 2.6 
1599 Tottenv' | |es--<-=---=—-==—---=—-— AO VSN 7495") -+0) OS; | sFORNSs +07 OSON 523i) 6.42016 
1601 Perth Amboy===<-=<---------=---= 40 30 | 74 16 | +0 13 | +0 19 40.6 OZONP Svc Osceao 


[Values for the Hudson Rlver above the George Washington Bridge are based upon averages for the 
sIx months May to October, when the fresh-water discharge Is a minimum. 
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TABLE 3.—HEIGHT OF TIDE AT ANY TIME 


Time from the nearest high water or low water 


een rer 


ocCoo COS CCS COO” 
Les RRP SLS srSss 


Duration of rise or fall, see footnote 
wow 
we 


orrection to height 
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Susans Goasu SOvoeus GBonoan COuous a2ocen’ 


belied 
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i<teded— 
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Range of tide, sec footnote 


1-173 


ie S59 E> 
Sosss SSS99 SeSEe9 S898 SSS99 SSE99 SS999 SSDS oy 


Kero OSDCOS COSCO COSCO COOSCS COOOCS COSCO CCOCOCOO 
esoss Sesos SeSeSs SSESe SSESS SSOS9 SSSS9 SSSSON 


WNHNNNY BWHNNNH NNN BR eee Bee Pe Be eee HOOOCO COCOO™ 
essss essss Ssessse Sssesess Sesses Ssess Seese SSeSeSeey 


AAA PRP PE PRWWW WWWWW NDNNND NNN Pere KH OOCOO* 
esscss sssss esses sseses Ssssess SSeSesso SSSesSs Selsey 


WOH WCCO WII -I MOHSEN MAMI PEE EW WWWWN NNNNK He ROOF 
Pere Peer BESO S SSSSS SSeSeSs SeSess SSeSeSsSs SSeS sy 


WWWNNH NEE OC CODCOD MWMONN UNMAAMN AUPE WWWHN DEER O™ 
ete tras ed eeikes eee et) eae a OO OOS SSO SOS Oso So Cor 


COBMMWMN NAAM PLWWNH KDR KH OO OCOOMO NNUMAG arr ww wvoero™ 
NNPNYNN PPNPN Pee ee Pee Pee OOO S SSS99 SoSSeSk 


CORPO NNER OS COMIN Qh w WNNKO COMB Q2nSe WHOHHEH 
YwewWWI DNNNN YPNNNN NN EE Pee ee eee oS OSDSS SSS OSy 
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CNR KS OCMUNMD THWONND KOOCWY YM WHO HNMR OCHO WANN PWN - 
BE PWD WH WWh WODNN NNNNN YN ES Pee ee KH OoOSoo SSofoo's 
KH OOCON ONL WNH —-OCOOCMON AQArLwWhH —-OOMR OTH OHHK COMNDS ohwnw-- 
TP PPO PRP Bo WO WW tH WHWNNN NNNNN Hee ee Pe OS SOSSS 
SCOMAMN FPHK CO WAUMHNY —~ OOM TFN OC OCMBAUk BOK OCODM Qafnwr-’ 
POON Oop bob bbe Ro WOW WNNNN NN Pee Oo OOSSO 3 
PAPRAM AMMAN Top Pp PP Bw wW WHWNN NNNNE Here ODS90' 
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CHW HWW NNNNDA MOMIMA Toni pe Pop www WONMNN NYE HOOSoON 
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Obtain from the predictions the high water and low water, one of which is before and the other 
after the time for which the height is required. The difference between the times of occurrence of 
these tides is the duration of rise or fall, and the difference between their heights is the range of tide 
for the above table. Find the difference between the nearest high or low water and the time for 
which the height is required. _ 

Enter the table with the duration of rise or fall, printed in heavy-faced type, which most nearly 
agrees with the actual value, and on that horizontal line find the time from the nearest high or low 
water which agrees most nearly with the ere pontine actual difference. The correction sought is 
in the column directly below, on the line with the range of tide. 

When the nearest tide is high water, subtract the correction. 

When the nearest tide is low water, add the correction. 


APPENDIX M 
EXTRACTS FROM TIDAL CURRENT TABLES 


THE NARROWS, NEW YORK HARBOR, N.Y., 1975 
F-FLOOD, DIR. 340° TRUE E-EBB, DIR. 160° TRUE 


JANUARY FEBRUARY 
SLACK MAXIMUM SLACK MAXIMUM SLACK MAXIMUM SLACK MAXIMUM 
WATER CURRENT WATER CURRENT WATER CURRENT WATER CURRENT 
TIME TIME VEL. TIME TIME VEL. TIME TEMES VEL, TIME TIME VEL. 
DAY DAY DAY DAY 
HM. H.M. KNOTS HM. H.M. KNOTS HieMs H.M. KNOTS HLM. H.M. KNOTS 
1 0254 2.4E 16 0002 0310 1.8E ah Al 0420 2,3F 168 0058 0404 1.8E 
W 0617 0857 Cock wih 064) 0907 1.6F SA 0759 1027 Wats SUM mosey] 1011 1.4F 
1211 1526 (3 1217 1532 2.0E 1328 1643 yal 3 1307 1615 Ise 
1901 2132 2.0F VOM; eV39 Wool 2021 2258 Ziel 1958 2236 1.6F 
2p 0037 0345 2.3E 17 0046 0351 Tee 2. 0207 0517 2.1E 17 0144 0451 WeZAs 
TH 0716 0952 ae lk F 0730 0954 125E | SU's 0902 1124 NRAZE: M 0846 4100 ) S842 
1301 1614 2.4E 1257 1611 Vase 1420 1738 Cie 1350 1656 otls 
1954 2227 2205 2000 2224 Web? 2118 2355 2.0F 2046 2325 1.6F 
3) 0132 0440 Ce cee 8) 003i) 0437 olalg 3: 0305 0621 ols ds oasis) 0547 1.6E 
F 0819 1049 Wodk= SAV (0823 1043 1.4F NM 1005 1222 Vise TU 0944 1151 Weer 
1352 1708 2.38 1339 1654 1.8E 1516 1839 et E 1439 1800 1.6E 
2050 2321 2.0F 2045 2309 ASE 2216 2138 
4 0230 0542 2.1E- 18, 0218 0530 1.6E 4 0956 1,8F 19 0015 1.6F 
SA 0924 1147 1.7F SU; (0920 1130 1.3F Ti) 0408 0727 Ve FE W 0329 0650 1.6E 
1445 1807 rus 1424 1745 Vane 1107 133] Vesk 1041 1242 Wolll? 
2146 2132 2358 lice 1617 1943 1.8E 1535 1903 1.6E 
2314 2234 
5 0018 LSS 20R0330 0631 Uae 5 0297 order) 0108 UWatsle 
SU 0331 0648 2,0E M 1017 1220 Voi2k We 0511 0830 1.9E TH 0429 0752 UsAz 
1027 1244 Ve5E 1514 1842 WAGE 1208 1455 Uist 1138 1337 Tee 
1543 1909 2.0E 2220 1720 2039 1.8E 1638 2004 1) AS 
2242 2331 
6 0119 Weg eit 0047 1.6F 6 0011 0322 Nene et 0205 Ne ZF 
M 0434 0751 2.0E TU 0407 0728 W6E STH “0677 0925 Wels F 0529 0848 ISIE 
1129 W352 1.4F 1114 1313 Ue 1306 1602 13k 1233 1439 ars? 
1643 2007 2.0E 1610 1940 1.6E 1820 2133 1.8E 1741 2100 Te 9'E 
2337 2310 
7 232 VS 9 Race 0140 1.6F 7 0107 0422 TSF. 22) 0030 0308 1.8F 
TUS 0S )37. 0850 2.0E W 0505 0823 Ways F 0704 1016 1.9E SA 0627 0941 Cie 
1230 1515 ESE 1211 1410 Wail 1359 1655 1.4F 1325 1544 Nise 
1744 2102 ZOE 1710 2033 ae 1913 2226 Wet 1840 2154 Souls 
8 0033 9343 1.9F 23 0001 0237 ical 8 0200 0511 Deer eres Vole? 0408 250F 
W 0635 0946 2,0E TH 0602 0917 Woh AYN ASH 1104 2.0E SU 6720 1032 2mice 
1328 1623 1.4F 1305 1509 (ard 1447 1741 Woe 1415 1639 Wate 
1841 2154 VsSE 1808 2124 W.8E 201 2313 1.8E 1935 2248 eBice 
Se O27, 0442 2.0F 24 0055 0337 JeSe 9 0248 0552 Wallies 74h (oyarsr4 0504 Bae 
TH 0727 1037 Zale F 0655 1007 2.0F Su 6333 1149 2 0IE M 0810 1123 2.4E 
1423 1714 1.4F 1357 1612 1.4F 1530 1818 WaASE 1502 1730 2.0F 
1932 2242 LeEtEe 1903 2215 2.08 2045 2027 2343 2.4E 
10 0219 0527 ZI0E 255 10148 0434 Pole 00 0000 1.9F 25 0375 0552 2.4F 
F 0814 1126 Coleone LOTAS 1059 Parga M 0333 0625 129F TU .0859 1214 2p E 
1511 1757 SSE 1445 1703 1, 6F 0912 1232 Z.1E 1547 1818 Zack 
2020 2336 Wace 1955 2309 sie 1609 1845 1.6F 2119 
2128 
11 0307 609 2.9F 26 240 0523 faspie i 0044 Ue) eA5 0037 2.6E 
SA 0857 1215 2.1E SU 0834 1150 2.4—£ TU 0414 0650 TSSE W 0405 0641 2.4F 
1556 1836 1.5F 1531 1751 SF 9951 Wiz Zele 0947 1304 2.6F 
2106 2046 1647 1911 1.6F 1632 1903 2.4F 
2209 2211 
12 0023 AAIE = 27 0003 259 le 0127 Bole (23 0129 Zea E 
SUP O35) 0638 2.0F M 0330 0611 2.4F W 0455 9718 1.8F TH 0455 0726 ek 
0938 1300 2 0922 1241 2. 5E 1029 T'S 2 lB 1036 1383 Phe 
1637 1906 1.5F 1615 1838 2 OF 1723 1942 WavAe 1718 1952 2.4F 
2150 2138 Zoo) 2303 
13 108 TSE 2s 0057 CoH En lst 0297 2.9E 28 0218 2m 
M 0434 0709 1.9F TU 0420 0658 2.5F TH 0534 0757 Warde F 0547 0816 23eF 
1018 1340 ecce 1011 L329 2.6E 1198 1426 ess 1125 1439 2.6E 
UZ1Z 1937 WESP 1659 1925 (er At 1800 2019 Neti? 1805 2041 2u3F 
2235 2231 esse 2356 
14 0151 lochs 22 0148 2.5— 14 0245 Lowe 
TUS VOSS 0743 1.8F W 0510 0745 2.4F F 0616 0838 1.6F 
1058 1418 2ailE 1100 1416 Aagha 1147 1591 2.0E 
1756 2010 iepk 1745 2015 (4 HAS 1836 2192 syle 
2318 2324 
15 0231 1e9%E (30 0237 2:6E 18 Ons 0323 VEQE 
W 0557 0822 1.7F TR 0602 0838 2.3 SA 0700 0923 Wa 
1137 1455 Zane 1149 1503 2.6E 1226 1536 ots 
1836 2051 1.5F 1833 2106 (ate 1915 2149 TGF 
31 9017 0327 2e5E 
F 0659 0932 onli 
1238 155] PSOE 
9725 2201 Aca ite 


TIME MERIDIAN 75° Ws 0008 IS MIDNIGHT. 1200 IS NOON, 
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APPENDIX M: EXTRACTS FROM TIDAL CURRENT TABLES. 705 


TABLE 2.—CURRENT DIFFERENCES AND OTHER CONSTANTS 


MAXIMUM CURRENTS 
TIME DIF- VELOCITY 
POSITION FERENCES RATIOS 
No. PLACE 
Maxi- | Maxi- |Direc- 
mum mum tion age 
flood ebb |(true) |veloc- 
js ity 
deg. deg 
LONG ISLAND, South Coast—Continued E NARROWS, p.52 
Time meridian, 75°H. 
2250 | ShInnecock Inlet---------------------- 40951) 72,29) =0) 20) —O 405 Lib) Toei) 250)) 72.5) 170) t256 
2255| Fire |. Inlet, 0.5 mi. S. of Oak Beach|40 38] 73 18] +0 15} © 00] 1.4) 1.2] 80] 2.4] 245] 2.4 
2260| Jones Jn|et--------------------------- 40 35| 73 34) -100) -0 55) 1.8) 21:53) 35) 3.1) 215) 2.6 
2265 | Long Beach, inside, between bridges---/40 36] 73 40] -O 10} +0 10] 0.3] 0.3 ves) Opal ths) OA 
2270 | East Rockaway Inlet------------------- 40) SOs TOAD) || deco | ll SON le SiN he) 40 mee c | ce ollipe so 
2275 | Ambrose Light------------------------- 40 27| 73 49 See table 5. 
2280 | Sandy Hook App. Lighted Horn Buoy 2A--|/40 27] 73 55 See table 5. 
JAMAICA BAY 
2285 | Rockaway Inlet------------------------|40 34] 73 56} -1 45] -2 15 np sal nos) esti abegtelle ray Gy |G / 
2290 | Barren Island, east of ----—-----—--—----|40 35] 73 53] -2 00| -2 25] 0.7] 0.9 Ty) abet aye) ||. abate 
2295 | Canarsle (midchannel, off Pler)-----—-|40 38] 73 53] -1 35| -1 50] 0.3] 0.3] 45] 0.5} 220] 0.7 
2300 | Beach Channel (bridge) ---------------- 40 35| 73 49} -1 20| -1 20 Lal auA(@) 60| 1.9] 225 | 2.0 
2305 | Grass Hassock Channel aaa 40 37) 73 47| -1 10} -1 00; 0.6; O.5 50) 50!) 2350: |e 0 
NEW YORK HARBOR ENTRANCE 
2310| Ambrose Channel entrance-------------- 40-30) 73°68) e120) 1 05) -I0) Slee SLO! 7) LiO 82.5 
2315| Ambrose Channel, SE. of West Bank Lt--|40 32] 74 01] (1) =OF25|) LOLS) OF <S10| V2 5S) 170) se 
2320| Coney Island Lt., 1.6 miles SSW. of---| 40 33) 74 01] -O 10] (7?) ONS) apOK8 |e oS0iO08) eS) el. 5 
2325| Ambrose Channel, north end------------ 40 34) 74 02| +0 05) 40 15] 0.8) 0.9) 330) 1.3] 175) 1.9 
2330| Coney Island, 0.2 mile west of-------—-|40 35| 74 O01] -O 55] -O0 55) 0.9] 1.0] 330] 1.5| 170] 2.0 
2335| Ft. Lafayette, channel east of-------- 405610 TANOei|h at>)) (3) 0.6] 0.5| 345] 1.1] 195] 0.9 
2340 | THE NARROWS, mIidchannel --------------- 40 37] 74 03 Dally predictions 340] 1.7] 160] 2.0 
NEW YORK HARBOR, Upper Bay 
2345 | Tompkinsvi| | e------------------------— 40 38] 74 04] -O 10} #0 20) 0.9) 1.0 Diels 6 mel Olle sO 
2350] Bay Rldge Channel --------------------- 40 39| 74 02] -O 35| -0 45| 0.6; 0.6}; 40/] 1.0) 220/ 1.1 
2355 | Red Hook Channel ---------------------- 40 40| 74 01] -O 35) -O0 35) 0.6) 0.4] 355; 1.0) 170) 0.7 
2360] Robbins Reef Light, east of--------= —-|40 39| 74 03] +0 10] +0 20); 0.8] 0O.8| 15) 1.3) 205] 1.6 
2365 | Red Hook, 1 mile west of ------—-------- 40 41] 74 02] +0 45 | +1 00 0.8 ee Ac ALA} PeAOhsy I 5c) 
2370| Statue of Liberty, east of ------=--<---- 40 42) 74 02) +0 55) #2 00; 0.8} 1.0) 30) 1.4) 205] 1.9 
HUDSON RIVER, Midchannel * 
2375| The Battery, northwest of ------------- 40 43] 74 02| +1 30] +1 35 0.9 132 aN GUS ake ke rhe) 
2380| Desbrosses Street-------------------—-- 40 43| 74 O1]| +1 35 | +41 40] 0.9 lee 10} 1.5}---- | 2.3 
2385 | Chelsea Docks=---------------------=-<= 4074574, OLN ALSO Is 4201 LAO De Ou, 20) aT eo e210 
2390 | Forty-second Street---------——------~- 40 46) 74 00| +1 35) +41 45/ 1.0) 1.2) 30] 1.7|----| 2.3 
2395 | Ninety-slxth Street------------------- 40748517559 joFl 40) | FI 50) 1I0) 1i2)) SO) 7 |====3 1253 
2400| Grants Tomb, 123d Street-------------- 40 49| 73 58] #1 45 | +155; 0.9) 1.2] 25) 1.6)----/| 2.3 
2405 | George Washington BrIldge-------------- 40) 51) 73) 57 VEL 45 ee OO1F O29) 11) 120) Lie 200h ee 
2410] Spuyten Duy] | ------------------------ A2OQN55)\ 70) S64" te 00) Fa LON OLS) Les 20) Sle Glia —— i tai: 
2415 | Rlverdal e----------------------------- 40 54] 73 55] +2 05 | +2 20 0.8 aly {0) 5) || 4) 2001/7210 
2420| Dobbs Ferry--------------------------- Al OUIGTS 5) Fenced |te 40) S058 Os Sie LO) ed SO) rem, 
2425| Tarrytown----------------------------- 41 05 | 73 53) #2 40 | +2 55) 0.6] 0.8 OQ} hed |mar= 25 
@isionl| ORSINI Rs =e Se ae e ee 41 10| 73 54] +2 55 |+43 10} 0.5] 0.7] 320] 0.9|---- | 1.3 
Bnei || PENG Gildea ao Sa a a Al 12| 73 57/43 05/43 15] 0.5] 0.7 | 335] 0.8 |---- | 1.3 
2440| PeekskI| | ----------------------------- Al 17) 73 57) +435 20 | 43 35} 0.5) 0.6 0 | 0.8 |=--- | 1.2 
2445 || Bear) Mountall n). Br lidgeqasasooanan—a aaa 41 19] 73 59| +3 25 |+3 40/ 0.5] 0.6 on onenlesee |p sical 
2450 | Highland: Walll|isq—————= en a ——-|41 22| 73 58/43 35 | 43 50) 0.6] 0.6 to) ley || Aleka al alas 
2455 | West Point, off Duck Island=-=--------= 41 24] 73 57] +3 40|+43 55| O.5| 0.6] 10] 1.0/----| 1.1 


1Current is rotary, turning clockwise. Minimum current of 0.9 knot sets SW. about time of "Slack, 
flood begIns" at The Narrows. MInimum current of 0.5 knot sets NE. about 1 hour before "Slack, ebb 
begins" at The Narrows. 

2Maximum flood, -O4 50"; maximum ebb, +0f 558. 

3Flood begins, -24 15#; maximum flood, -Oh 05"; ebb begins, +04 05"; maximum ebb, -1h4 508, 

4The values for the Hudson River are for the summer months, when the fresh-water discharge is a 
minimum. 


APPENDIX M: EXTRACTS FROM TIDAL CURRENT TABLES 
TABLE 3.—VELOCITY OF CURRENT AT ANY TIME 
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Use Table B for Cape Cod Canal, Hell Gate, Chesapeake and Delaware Canal and all stations in 


Table 2 which are referred to them. 
1. From predictions find the time of slack water and the time and velocity of maximum current | 


(flood or ebb), one of which is immediately before and the other after the time for which the velocity 


is desired. 
2. Find the interval of time between the above slack and maximum current, and enter the top of 


Table A or B with the interval which most neariy agrees with this value. 
3. Find the interval of time between the above slack and the time desired, and enter the side of 


Use Table A for all places except those listed below for Table B. 
Table A or B with the interval which most nearly agrees with this value. 


4. Find, in the table, 
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APPENDIX M: EXTRACTS FROM TIDAL CURRENT TABLES 
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Arc, major and minor, of circle, defined___. 394 
ofcirélesdetinedsa. 4. 222 8. ae eee 394 
ATEUMeNtOLtable = s= eek eee lee 419 
Arithmetic: detinedas= sees a. eae a eae = 375 
definitionsiofseesese « eset, aaeeee 375 
Principles Opeeawes Meee Lane aoe eer 375-386 
Artificial-horizon corrections, discussed - _ _ 554 
Artificial-horizon sextant corrections, dis- 
cussed 2= 5iae Sate ee ae 554 
Assumed latitude, selection of__________- 566 
Assumed longitude, selection of-_-_-_-_- 566-567 
Assumed position, in navigational triangle. 465 
Selectionroiy Giscicse Uae = aan 566-567 
Astronomical day, defined_____-___-_--- 468 
Astronomical refraction, defined________- 543 
Astronomical triangle, defined___-______- 465 
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explanation of table 24________- 11 
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altitudes discussed uae ee eae 545-546 
Atmospheric refraction, defined _ -------- 543 


Augmentation, sextant altitude correction, 
defined and discussed___-_----- 547-548 
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semimajor and semiminor, of ellipse-_-_ 397 
Axis of rotation, earth, defined_-_-_-_------ 443 
Azimuth, defined and discussed_- - - ------ 461 
Azimuth angle, defined and discussed_--- 461 
Back sights, altitude measurement, de- 
fined and! discussed 222 23> 4 ==e=— 562-563 
Barometer, correction for gravity, table 
ED ces ee ee ee 138 
explanation of table 12___-_--___-_- Uf 
correction for height above sea level, 
Pablewl [eke Sep eae ae eee 138 
explanation of tableslieen= sss 2——=— 6-7 
correction for temperature, table 13-_- 139 
explanation of table 13_-_.__.---_--- 
Base(s)oficone, denned ass. meme ae = 396 
oncylinder, defined = 4) ses ssa==—= === = 396 
of parallelogram, defined. .--_.------- 393 
Of mpymannided efined las sa eta a 


Of trapezoid, .detin ed ee === eee a 
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Bea Tin OMe tite Caen ae een ae 447 | Composite sailing, defined=-=-------==- 571 
Bearing angle, defined-______________-- 447 disCUSSed =o Suse ee Ua aoe sees 590-591 
Bigs defined t= 3 5252 Sees eee 439 | Computed altitude, defined__.__________ 567 
Biquadrantal spherical triangle, definition Computed and observed altitudes, 

And SOlUblOnOles sees ae eee 411-412 COMPARISON Olas see ee eee 567-568 
Boopiners light. detined === =e 621m se Concentrickcinclessdetinedaas === === 394 
Bow and beam bearings, defined_______-_ 616 | Cone(s), defined and discussed________ 396-397 
Bowditch, Nathaniel; biography of_____- iii-vi | Congruent triangles, defined____________ 392 
Braces, use of in alsebras =) 22552 seee == SS CONIC SeC HONS mCisclisse Cd === ame a= 397-399 
Brackets, use-of in algebra... -..2.-..-. Bion || Conair, cline, — Se eee eee 414 
Briggs’ logarithms, defined_____________ 384) |PConstant error) defineda a=. a 5=s 55s. — = == 431 

Constant of the cone, defined_-__________ 449 

@alculuesidetine det este as Seo ee 414 | Convergence of the meridians, discussed. 627-628 
ME RMUTTONS Ole se 5) eee oe 414-415 | Convergency, discussed________________ 449 
LIN ciples Ole. 2 Pee sae eee ents 414-418 | Conversion angle, defined______________ 627 
Cartesian coordinates, defined__________- 401 HMOG MONON. Seabee ass See canoes 627 
Celestial equator, defined______________- 453 unlovles Jl, -GlCURGOOL acca sede ce cone 628-630 
Celestial equator system of coordinates, CEO Le S1et Set Some Sent ore eee et Nee ae reer ere 18-22 


discussedics = Ss eo a 458-459 


Celestial horizon, defined_____________-_- 460 
Celestial meridian, defined_____________- 453 
Gelestial poles, defined: ___-_--_ 35. 453 


Celestial sphere, defined and discussed__ 453-455 


Celestial triangle, defined_-.-..----=--- 464 
Center, of circle, defined_________---__- 394 
Of. sphere detined 222.62 28 a. eee 399 
Centesimal degree(s) (grades), unit of 
OPO. J 2a steele — oh eS ete 401 
Centesimal minute(s), unit of are________ 401 
Centesimal second(s), unit of are________ 401 
Centesimal system, angular length, de- 
fined =. 5. Sateen meek ae Fest = 401 
Central angle, of circle, defined_________- 394 
Centroid, of triangle, defined____________ 392 
Characteristic, of logarithm, defined _____ 382 
Chart scales, natural and numerical, table 
Be SAAR Ole ek Beit a eee 2 SS(il 
explanation of tables3/ 2242-5. =<! 16 
@hordAof circle, defined #2 325- = sue 394 
Chronometer error, defined____________-_ 474 
Chronometer rate, defined_____________- 474 
Chronometer time, defined and_ dis- 
CUSSCG Se oe ee he Ss Bere ee 474-475 
@incle(s)asiconic sections =a == =a. as 397 
definedranddiscusseds)a 55-42 == 394-395 
Ofeanth, discussed ==. == s= = = = sauelgee 443-444 
Circular cone, defined 2: see 2-2 S225 _ 397 
Circular cylinder, defined______-__..--_-- 396 
Circular slide rule, discussed____________ 385 
Circumference of circle, defined________- 394 
Circumscribed circle, of triangle, defined __ 392 
Coaltiindesdescrnibeda=-2252-- ess =. = 465 
@odechinationsdeseribedssss- =e s 465 
@olatitude;, described2 ale 322-22 465 
Cologarithm(s), defined and discussed____ 384 


Common logarithm, base of___________ 381, 384 


Common tangent, defined______________ 395 
Compass course, defined________________ 447 
Compass directions, defined_____________ 623 
Compass error, amplitudes, defined and 
GHEYOUS SG eos es 514-516 
SV AUTINDRE OV ONY? TEM OVE Se 510-514 
definecese sige ate si asests ne eaeee 623 
HON ab sania) Ce Sa Se SEM ee eee a en 510-518 
time on prime meridian, finding of____ 516-518 
Comipassinorthyidefineds sass as as panes 623 
Compass points, conversion to degrees, 
RADI es 2s ee a ee aie Bee 23 
ExplamahiOnno fetal e 2a =mtees seamen mn 4 
Complement, of angle, defined__________ 390 
Complementary angles, defined_________ 390 


explanation Ol table Teese = = see 3 
Coordinate(s), defined and discussed_._. 400-401 
O@nee ary hee Clee Clee ee 444 
Coordinate systems, of celestial sphere, 
GS CUISS CClas teens ee eee ere ey eee ee 457 
Corolisniorce acisc ssc erase = mem ae 551-552 


Correcting, compass conversions, defined_ 625 
Cosecant formulas, defined__________-_- 502 
Course td etinedi ce ae re ee 447 
Course angle, described_________-_____- 447 
Courser lines deine dues = ere 447 
Course made good, defined____________- 447 
Course of advance, defined_____________ 447 
Course over ground, defined____________ 447 
Critical table, interpolation, discussed____ 419 
Gobet denne da ae eat ase eee 395 
Cube root, of number, defined___-______ 381 
Current diagrams, discussed_________- 607-608 
Cylinder(s), defined and discussed_______ 396 
Daily rate, of chronometer, defined _ _~_-_- 474. 
Date line, defined and discussed_______ 471-472 
Dar. detined 2 552 4 ce sao numb e See 467 
Daylight saving time, defined_____ 467, 473-474 
December solstice, detined fase yee 457 
Declination detine dia 2. ee 454, 458 
Definite integral, described_____.._____- 417 


Deflection of the vertical, sextant altitude 


correction, discussed__.________--_ 552 
Degree(s) umiboipane see === as eee 401 
Denominatonudenned=ss sass s == eee eae 375 
Departureadetined =m sms =aaee eee 445 


Dependent variable, described_______- 414-415 
Depressed pole, defined= 222.725 -252 54-25 


Derivative;desenibede aie -ss =. an os 415 
IDyaenytoal, colsevel sf 2 ea ee oe 623 
Deviation table, discussed_____________- 624 


Dew point, temperature of, table 17___ 144-145 
explanation of tablesl/a.=====—— === 9 


Diagonal, of polygon, defined__________- 393 
Diagram on the plane of the celestial 
meridian, discussed____...___-- 462-464 
Diameter, of circle, defined____________- 394 
Of, sphere ndetined see os sa ee = 399 
Difference, of numbers, defined _-------- 309 
Difference of latitude, discussed _ -------- 445 
Difference of longitude, discussed_______- 445 
Dittenential adescri bed =e es eee 417 


Differential equation(s), defined and 
discussed See Gb. Birt ae eas 417-418 
Differentiation, defined and discussed__ 415-416 


Dieit, defined: a ee® — te sees 375 
Dihedral “angle, defined]. = eee—==- =a c— 
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of visible horizon, solution____________ 52] | Extracting’a root, defined-_22-_L2___-_2 381 
sextant altitude correction, discussed. 540-542 | Extrapolation, defined_._______________ 419 
short of the horizon, solution_______ 521-523 ISCUSSEd |. Heo eee Oe eS 427 
Gable 222 ee ae 2 es SS Seth 154-155 
explanation of table 22___________ 10 | Face(s), of polyhedron, defined_________~ 395 
Dip and distance of the horizon, ] Of Pyranue wdennedwasas pea en ee ee 395 
Solvineforss2. sees se Pee 518-523 | Factoring, of mathematical expressions, 
Direction on the earth, discussed _____- 446-448 detined 2.2 ze aeee tee ee Ske 387 
Directrix, of parabola, described _-__-__-___ 398 | Fictitious rhumb line, on polar grid, de- 
Distance, measurement of, by two bear- HILO aoe cope rer eee ee ee 449 
iN ese - GISCUSSeCnsen Some a ke 615 | Finite number, defined___....JL--_2_-.22 375 
CAD G(s ea te KEP pes eee eed 1 126-131 | First difference, nonlinear interpolation, 
explanation of table 7_-_-__.___ 5 GISCUSSEC Sette on eres eee 424-425 
by vertical angle, discussed -_-_---__ 614-615 | First estimate, meridian transit, discussed. 536 
table:O Se See 218s Ik 133-135 | First point of Aries, defined_--_____--_-- 456 
explanation of table 9--__-____- 6 use of in locating an hour circle_-_-_-__- 454 
of geometrical horizon, solution __-_____ 519 | Five parts formulas, defined. -_-_----_-- 497 
Ofhorizon stable Ses. see sa] ee Oe 132 | Focal point(s) (foci or focus), of ellipse, 
explanation-of table’ S222 2 22het ss 5 described... +. Sones Se 397 
of visible horizon, solution___-__--__ 519-520 of hyperbola, described__-----___-_-_- 398 
on earth, defined and discussed _ - _ _- 445-446 of parabola, describeda ss. 22-25 s—= 397-398 
speed, and time, discussed_-------_- 611-613 | Fractions, rules for handling_________- 388-389 
Distance calculations, introduction _ - - - ~~ Gl || Rrost. smokesdescribeds=_ sa. 222s. ae 550 
mpevial Chies Of os so 22 2eebe sec 2ese 616 | Frustum, of cone, defined___-_______--- 397 
Distance vectors, described -_------------ 386 | Function, of a variable, defined________- 414 
Diurnalcircle, defined = 0 - ths 220. hu = 454 | Fundamental trigonometric identities, de- 
Divided astronomical triangle, fined =.= Nee A Re ae 407 
Ageton Method of solution - --_- 508-510 
development of formulas___----_-_- 505-508 | Geocentric parallax, defined__--__---_--- 549 
solutions Qi eeh) | PAEO TET ERS ANKE 505-510 Geodesic. «defined 2] sa sos ae 443 
imidend detined? soe JUie Saw Lense 380 | Geographic range, defined____--_------- 618 
Division, by logarithms, explained_--_- 383-384 | Geographical mile, defined__-______--_--_- 446 
of mathematical expressions, Geographical position, defined_____-_-_- 465, 584 
Gisctissed!s 25s ee ere ee oe seh Ue 387-388 | Geoidal horizon, defined___________-___- 460 
of numbers, explained _-_------------ 380-381 | Geometrical horizon, described_________- 460 
Divisor, defined - pos Scageaceenosssseaue 380 Geometry) d chines eee aye aan eee eee 389 
Double interpolation, defined____-_---_- 419 definitions Of=-2-.-s 0 eee ct eae our 389-390 
discussed ___-_-_ eee steer ae a oe foe 422-423 Orinciples Ofsc2.2.5 ee ee 389-401 
Double second difference, nonlinear GHA and declination, finding of ______ 487-492 
interpolation, discussed ___-_--_--- 425 MICOS oe ee eee 489-490 
Doubling the angle on the bow, defined__ 616 Planet ae rashid eee oe 490-491 
SUAS a Sm eee ee yen neo 491-492 
Marthedeseribeds == =s nn a es 443 SULT Sones eye ee Mee Sates 488-489 
Eccentricity, of ellipse, described _---_--_- 397 use.of almanactseuosonqweee ce = See 487-488 
of hyperbola, described_____-_------- 398 | Great circle(s), discussed_______------ 582-583 
or parabola, denned =. 2. ss222- 22S 398 of sphere, defined... 2.0...000 J2.2 399, 443 
chip ticwacnned ae sab. cere = Dae - 456 | Great-circle distance, defined_______-_-- 446 
Wlenrent(s), of cone, defined: —2___-.--_-- 396 | Great-circle sailing, by computation_._ 583-590 


of cylinder. defined). Sere wareee _ 396 


Elevated pole, defined________--------- 460 
Bilipsex;detined-. eter oe feeb 397 
Ephemeris Time, defined__-----.------- 479 
Bowal triangles, detined === eee 392 
Bauation,.defined = 2222 =) Soe. 387 


Equation of time, defined and discussed_ 478-479 


Bauator,detineda. see eee eee 443 
Equatorial horizontal parallax, defined__-_ 549 
Equiangular polygon, defined_____------ 393 
Equiangular triangle, defined_-_-_-------- 391 
Equilateral polygon, defined____-_------ 393 
Equilateral triangle, defined-_-____------ 391 
Bawinoctials detined= sos) 4ee.a ane se 453 
Biquinoxess denned a as2- 5 eee ee sate 456 
Error, navigational, defined and 
discussed se o2— apo ee ae 32 429-430 
Ex-meridian altitude, discussed - -------- 535 
Ex-meridian observation, defined-------- 535 
Explement, of angle, defined___--------- 391 
Explementary angles, defined__-_------- 391 
Exponent, use of in multiplication- -----_- 380 
use of when expressing numbers- -- ---- 375 


by wablersos discusseda same aa nees 591-596 
LG fine Cees gee ee ah ey lh) tn St 571 
GISCUSSCO sco he OL ES 583 
Great-circle track, defined_____-------- 447, 583 
Greektalphabett = 92 ae ee 636 
Greenwich apparent time, defined ---_-_-- 478 


Greenwich hour angle, defined_--_- 455, 459, te 


Greenwich mean time, defined_--_-_------ 7 

Greenwich sidereal time, defined - - ----_-- 480 
Greenwich time, defined___..-..-------- 467 
Grid) course, defined? 222232) aoe a2 25 447 


Grid direction, defined and discussed... 448-450 


Gridivariation, defined=== ==) ae sae. = 449 
Grivations denned eee) ee eee 449 
Hay eramesitalblets eae eee 297-332 

explanation of table $4:"-_=_= ===" == 15 
Tica dimen elit cdl eenen = seer eee 447 
Height of eye correction, defined - _-_----- 541 


Height of tide, finding of for any time--- 602-604 
Heliocentric parallax, defined_---------- 549 
Hexagon, idefinede==ss2222>- -22=>- =a --e 
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Maton... ee ee eels 600 of numbers SR eee ee 233-251 
Home; on radio bearings= 22 9-235) ses 627 explanation S OZRGURESL = 22 14-15 
Horizon(s), CIS CUS clearer ee ee ee 459-460 of trigonometric functions, table 33__ 252-296 
system of coordinates, discussed_____ 460-461 explanation of ta blers3o== 2 === ee 15 
Horizontal angles, correcting of, discussed. 563 various kinds of, discussed__-___--~- 384-385 
Horizontal parallax, described___________ 549 | Logarithmic function, defined____....-_- 403 
Horizontal refraction, defined___________ 544 | Logarithmic time-speed-distance nomo- 
ISKODOAGED), Whats Op GRINS =e 469 fore IM, CIOL ee ae ee 611-613 
EHounmcincles detnneds sass = =a eee Aagey || Mbronaveniqueoke, kee see ee ee 445 
Elyperbola, described == sre ea 598) |} Wone=termira lnamacme ese mens ares Spree 687-692 
Hypotenuse, of right triangle, defined____ 392 | Low altitude, observation corrections for_558—562 
low-water" detined ei 5s. 555.52 fe a= 599 
Indefinite integral, described____________ 417 | Lower branch, celestial meridian, defined. 453 
Independent variable, described_________ 414 IMmeriqdianyotkear tl wc enineC = sea eee 4.43 
Index correction, sextant altitude, dis- Woxodromendetine | sae a= = eet 446 
Clissed: stat cencMags Arr! amen es ee, 540 | Loxodromic curve, defined________---__- 446 
Index of refraction, defined_____________ 542) 1) Dbuminousirange,tdetined = = 3 aan se 617 
Infinite number, defined________________ 375 | Luminous range diagram, discussed_.__ 618-621 
Infinitesimal number, defined___________ Byte) | editions? Cenyaclemuneolae 2) oR Vi ees 467 
Inscribed angle, of circle, defined________ SO 4) Lumar tine. cetine cleats = eae ewe ee 467 
Inscribed circle, of triangle, described____ 3892 | Lune, of a sphere, defined_____-_-_-_-_- 399 
Instrument correction, sextant altitude, Lunicurrent interval, defined____________ 600 
CISCUSSe Cd: 5 Ryis OR a EAE = Jord eR 540 
Integral, of mathematical expression, de- Magnetic compass error, discussed ____-_- 623 
fine d's ae baarck 9 | an eR 416 | Magnetic course, defined___._______-___ 447 
Integration, process of, discussed______ 416-417 | Magnetic north, defined___________-___- 623 
Intended track line, defined____________- 447 | Mantissa, of logarithm, defined_________ 382 
Interior angle, of triangle, defined_______ 392 | March equinox, defined___.___._______-- 456 
International Nautical Mile, defined_____ 446 | Marine sextant corrections, discussed____ 554 
Interpolation. dein ede ass ee eee 419 | Mathematical expression, defined________ 387 
generalicomments= ss ea4ee ae es 427-428 | Mean high water lunitidal interval, tidal 
MHOC MGM... 2 ee 419 informeationes eee se eee eee 600 
Interpolation tables, discussed_______-_ 425-427 | Mean refraction, defined__.___-_-_-___-_ 543 
Inverse sine, described... ------2+.--= 408 | Mean sidereal time, defined_____________ 479 
Irradiation, sextant altitude correction, Meanrsolar wiumewdetined a= ae = 467 
definedtandidiscussed == = ee ae a= = 546 | Mean sun, defined. be shets. anietionester 478 
USORGONI, Chee = SEES ee 449 | Measured ‘mile, speed table for, fant 1822 146 
Isosceles triangle, defined______________- 391 explanation OfitalolewhS <aeNie sip 9 
Median, of triangle, defined_____________ 392 
dwillenn- Chany s WHS Gik 28 2 soe Sse 469 | Mental arithmetic, discussed__________ 385-386 
Junessolstice, detined= 92225552555 s 457 | Mercator sailing, defined_______________ 571 
discussed: pepe Ses a tees 580-582 
Kirotudetinedad 2a tanee 222.55 seeks AMY || ilevateliehay “oKeiaaeele So 02 Se 443 
Meridian angle; defined: — 322-252-2222 455, 459 
Randimilesdetineda. .. ...Laadee a e4 446 discugsed 16s cease ssshangseqlades 481 
anse vate, défined ta. fteh --4-ceu sees 551 | Meridian angle and altitude of body 
Ranitude , definedesia4e- 24) ap een closs 445 on prime vertical, table 25_____-_ 158-161 
Latitude and longitude, length of degree, _.. explanation of table 25__-_-___- 11-12 
alle Guctet ane Le eee 1242195) |) Meridiomall pants; tablero soe. 2555-52 —= 115-123 
explanation of table 6__________ 5 explanation of table 5__________- be iene 
Latitude and longitude factors, table Meters, feet, and fathoms conversion, 
Go ee Pee Se ae 162-168 {321161029 241 | en een ov re yume AEE OE 153 
explanation of table 26_________ iy ; explanation of table 21________- 10 
Latitude by meridian transit, Microsecond defined = ee ene ee 469 
fauavonuones WWM Gi, - 2c ase oe HO b= Ove ll uel latiiides discusses a= = = ee ee 445 
meridian altitudes, discussed________ 531-535 | Middle latitude, discussed_____________- 445 
SOlUIDIONSEOT ae ene ee wee ee ee 531-537 | Mid-latitude sailing, defined___________-_ 570 
Leg(s), of isosceles triangle, defined______ 391 | Middle-latitude sailing, defined__________ 570 
of right triangle, defined__...._..._-_- 392 dis cissedt= = =! death eae Hare AX 575-580 
Line, in geometry, defined_____________- SOO) || Munchen, Gerla ee 467-468 
Line of position, plot of, discussed______~ DOSn| Muillimicnosecond adetime class saa === 469 
ieyuorerye | Gkenstaysol Se Se A19=420)) Millisecond) defined] =. eae = 469 
Linear interpolation, discussed_______-_ AN O=A Qe) sMiimourends cle tine cle ae eee ee ere 378 
Local apparent noon, by meridian transit, IMD ARETE, Wao BIL DOS Se 401 
discussed Sect mes = mes ss ee 536-537 nit Of time. — ea ee ee eats tes 469 
détined See. ae Se ar ae ee 479 | Miscellaneous data, area_______________ 639 
Local apparent time, defined____________ 478 AS LOMO Maes) = = Seale ee eee See 639-640 
Local hour angle, defined____________- 455, 459 Charts: Mi ay.. 22 ieee Fe ee oe 641 
diSCUSsed Ss #5 sp eee ieee lat ker eee: 481 @nrthie se). wel end py bape met ae, oy 641-644 
Local hour angle and meridian angle, OVP tN _. oy > Moms tert a rere pce Ee rele 644-645 
HINGIN OVO faa open OR erry eae 567 FUG 9 key ee Bae Shae SM are 645 
Local mean time, discussed__________- 477-478 TNA NOINGHACR Ee oe eee 645-646 
Local sidereal time, defined____________- 480 IVE DCOROLO 2:yee a ene ae 646 
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GO si, Ce 5 ey ae ae eS APS PEs 649 | Parallel of declination, defined________ 454, 458 
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discussedsaseamnu ce. ae. Shige 438-439 | Parallel sailing, defined_______________- 570 
Mixed decimal, characteristic of, defined. 382 discussed 23st ee ee ee 574-575 
Moonrise and moonset, finding time of. 525-531 | Parallelogram, defined______..________- 393 
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Miuttiplicand) defined’... een seen oe 300) | Mbentagon defined same ele see eee 393 
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Naperian logarithms, defined____________ 384 discussed. = 2eee sees. selene ae Te 547 
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cussed SaaB esha ihe 935s 411-412 hoy poNOU GTO) GNF oe ee 379 
Natural logarithms, defined_____________ 884 Planes definedate ts oo 2.2 ee 390 
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fa Chapter ey Rat SEP Se 2 ee A403 || Wiane sailinewdetineda= =) =. saeeeee ae 570 
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explanation of table 20_________ 10 | Point of tangency, described_______----- 395 
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GIS CUSSEC orca EN Me 3 433-436 | Polaris, latitude by, discussed_-------- 537-539 
definition ss0faassss2 eee ee - Onion 429-430 | Polaris correction table, Air Almanac, 
FINOT OCMC tO Nem eae ae ees Ee Mae Glee 429 GISCUSSedSa=) 2. ee eae a ee 539 
miscellaneous, discussed___________- 439-440 | Pole(s), of circle on sphere, defined - ----- 399 
Navigational triangle, defined and dis- origin of coordinate system, described-_ 401 

CUSSEd LS eee Cee oe SS SG 464-466 | Polygon(s), defined and discussed_- --- 393-394 
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Sa Se Ve es eee eens Ue 461 | Position angle, described4__-.---------- 465 
Negative angle, defined___________.____ 407 | Position on the earth, discussed ___--_-- 444-445 
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Nominal range, defined____________-__- 617 | Power, of number, defined_____--------- 380 
Nonlinear interpolation, discussed _____ 424-425 | Precision, navigational, defined__-------- 430 
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Cussed Satie eviNe _ Uhl Alea tn 432 defined oak ye Sen sok spas eee 439 
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Ntimeratorndefined!. 2-22. eaten 5a) 375 Svstem delim ed am = = Sasa saree es 439 
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Oblate spheroid, defined_____________- 400, 443 OasCiss6d St aie ee ee 600 
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Oblique coordinates, defined____________ 401 explanation of table 14_______-_----- 8 
Oblique plane triangles, solution of____ 409-410 Primary, great circle as, defined__-_------ 399 
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